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EXECUTIVE SUMMARY 

A study using young swine as test animals was perfonned to measure the gastrointestinal absorption of lead from a sample of slag and a sample of surface soil from the Murray Smelter Superfund site. Young swine were selected for use in the study primarily because the gastrointestinal physiology and overall size of young swine are similar to that of young children, who are the population of prime concern for exp~sure to soil· lead. 

The slag sample was a composite from 9 different sampling locations across the site where slag is exposed at the surface, and the soil sample was a composite of surface soil from 16 different locations across the site. Each sample was dried and sieved to yield only the fijle fraction (less than 250 urn), since human exposure is thought to be most likely for this size panicle. The final lead concentration was 11,500 ppm in the slag sample, and 3200 ppm in the soil sample. 

The absorption of lead from these two test materials was investigated in two separate studies. The basic protocols of each study are shown below: 

Srudy Dose Exposure Dose levels 
Number Material Route (ug Pb/kg-day) 

PbAc IV 100 

4 PbAc Oral 0, 15, 225 
Murray Slag Oral 75, 225, 675 

II PbAc Oral 0, 25, 75, 225 
Murray Soil Oral 75, 225, 615 

Groups of animals (usually 5/group) were exposed for 15 days, with each daily dose being administered in two equal portions at 9:00AM and 3:00PM. The amount of lead absorbed by each animal was evaluated by measuring the amount of lead in the blood (measured on days -4, 0, 1, 2. 3, S, 7, 9, 12, and 15), and the amount of lead in liver, kidney and bone (measured on day 15 at study tennination). The amount of lead present in blood or tissues of animals exposed to test soils was compared to that for animals exposed to lead acetate, and the results were expressed as relative bioavailability (RBA). For example, a relative bioavailability of SO% means that 50% of the lead in soil was absorbed equally as well as lead from lead acetate, and 50% behaved as if it were not available for absorption. Thus, if lead acetate were 40% absorbed, the test material would be 20% absorbed. 

The resulting RBA estimates are shown in Figure ES-1. The upper panel (Panel A) shows the results for slag, and the lower panel (Panel B) shows the results for soil. As seen. the calculated values of RBA derived from most endpoints are apparently not constant, but tend to decrease with increasing dose. This apparent dose-dependency has not been observed in most other studies in this program. and the basis of the dose-dependency is not known. However, granted that the effect is real. the RBA values that are most relevant are at a dose near that which would 
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be expected for a child. In all cases, this is likely to be in the range of 5·50 ·ug/kg·day, at o below the low end of the exposure range investigated in this study. Thus, the point estimate for each endpoint are those at the lower end of the curves shown in Figure ES·l, as follows: 

Low Dose RBA 
Measurement 
Endpoint Murray Slag Murray Soil 

Blood Lead AUC 0.55 0.67 

Liver Lead 0.37 - 0.87 
Kidney Lead 0.44 1.02 
Bone Lead 0.61 0.63 

Because these low-dose estimates ofRBA based on blood, liver, kidney, and bone do not agree in all cases, judgment must be used in interpreting the data. In general, we recommend greatest emphasis be placed on the RBA estimates derived from the blood lead data. 'This is because blood lead data are more robust and less susceptible to random errors than the tissue lead data, so there is greater confidence in RBA estimates based on blood lead. In addition, absorption into the central comparnnent is an early indicator of lead exposure, is the most relevant index of central nervous system exposure, and is the standard measurement endpoint in investigations of this sort. However, data from the tissue endpoints (liver, kidney, bone) also provide valuable information. We consider the plausible range to extend from the RBA based on blood AUC to the mean of the other three tissues (liver, kidney, bone). The preferred range is the interval from the RBA based on blood to the mean of the blood RBA and the tissue mean RBA. Our suggested point estimate is the mid-point of the preferred range. These values are presented below: 

Test 
Material 

Murray Slag 

Murray Soil 

Plausible Range 

0.55-0.47 

0.67-0.84 

Relative Bioavailability of Lead 

Preferred Range Suggested Point Estimate 

0.55-0.51 0.53 

0.67-0.75 0.71 

These RBA estimates may be used to help assess lead risk at this site by refining the estimate of absolute bioavailability (ABA) of lead in soil, as follows: 

ABAsoil = ABAsoluble • RBAsoil 

ES-3 



Available data indicate that fully soluble forms of lead are about 50% absorbed by a child. 

Thus, the estimated absolute bioavailability of lead in the Murray Slag and Murray Soil samples 

are as follows: 

Absolute Bioavailability of Lead 

Test 
Material Plausible Range Preferred Range Suggested Point Estimate 

Murray Slag 28%-24% 28%-26% 27% 

Murray Soil 34%-42% 34%-38% ' 36% 

These absolute bioavailability estimates are appropriate for use in EPA's IEUBK model for this 

site, although it is clear that there is both natural variability and uncertainty associated with these 

estimates. This variability and uncertainty arises from several sources, including : 1) the 

inherent variability in the responses of different individual animals to lead exposure, 2) the 

unexpected non-linear dose-response patterns observed in liver, kidney and bone· of animals 

exposed to slag or soil, 3) uncertainty in the relative accuracy and applicability of the different 

measurement endpoints, 4) the extrapolation of measured RBA values in swine . to young 

children, and 5) the potential effect of food in the stomach on lead absorption. Thus, the values 

reponed above are judged to be reasonable estimates of typical lead absorption by children at 

this site, but should be interpreted with the understanding that the values are not certain .. 

ES-4 
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BIOA V AD..ABll.ITY OF LEAD IN SLAG AND SO IT. SAMPLES 
FROM THE MURRAY SMELTER SITE 

1.0 INTRODUCTION 

Absolute and Relative Bioavailabilitv 

Bioavailability is a concept that relates to the absorption of chemicals and how absorption 
depends upon the physical-chemical propenies of the chemical and its medium (e.g., dust, soil, 
rock, food, water, etc.) and the physiology of the exposed receptor. Bioavailability is nonnally 
described as the fraction (or percentage) of a chemical which enters into the blood following an 
exposure of some specified amount, duration and route (usually oral). In some cases, 
bioavailability may be measured using chemical levels in peripheral tissues such as liver, kidney. 
and bone, rather than blood. The fraction or percentage absorbed may be expressed either in 
absolute tenns (absolute bioavailability, ABA) or in relative tenns (relative bioavailability, 
RBA). Absolute bioavailability is measured by comparing the amount of chemical entering the 
blood (or other tissue) following oral exposure to test material with the amount entering the 
blood (or other tissue) following intravenous exposure to an equal amount of some dissolved 
form of the chemical. Similarly, relative bioavailability is measured by comparing oral 
absorption of test material to oral absorption of some fully soluble fonn of the chemical (e.g., 
either the chemical dissolved in water, or a solid form that is expected to fully dissolve in the 
stomach). For example, if 100 ug of dissolved lead were administered in drinking water and 
a total of 50 ug entered the blood, the ABA would be 0.50 (50%). Likewise, if 100 ug of lead 
in soil were administered and 30 ug entered the blood, the ABA for soil would be 0.30 (30%). 
If the lead dissolved in water were used as the reference substance for describing the relative. 
amount of lead absorbed from soil, the RBA would be 0.30/0.50 = 0.60 (60%). These values 
(50% absolute bioavailability of dissolved lead and 30% absolute absorption of lead in soil) are 
the values currently employed as defaults in EPA's IEUBK model. 

It is important to recognize that simple solubility of a test material in water or some other fluid 
(e.g .. a weak acid intended to mimic the gastric contents of a child) may not be a reliable 
estimator of bioavailability due to the non-equilibrium nature of the dissolution and transpon 
processes that occur in the gastrointestinal tract (Mushak 1991). For example, transpon of lead 
across the gut may continuously shift the equilibrium of a poorly soluble lead compound in the 
direction of dissolution, and stomach fluid volume and pH may undergo changes over time. 
However, information on the solubility of lead in different materials is useful in interpreting the 
importance of solubility as a determinant of bioavailability. To avoid confusion, the term 
"bioaccessability" is used to refer to the relative amount of lead that dissolves under a specified 
set of test conditions. 
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For additional discussion about the concept and application of bioavailability see Goodman et 
al. (1990), Klaassen et al. (1996}, and/or Gibaldi and Perrier (1982). 

Using Bioavailability Data to Improve Exposure Calculations for Lead 

Data on bioavailability are important for evaluating exposure and potential health effects for a 
variety of different types of chemicals. This investigation focused mainly on evaluating the 
b ,availability of lead in various samples of soil or other solid materials from mining, milling 
or smelting sites. This is because lead may exist, at least in part, as poorly water soluble 
minerals (e.g., galena}, and may also exist inside particles of inen matrix such as rock or slag 
of variable size, shape and association. These chemical and physical properties may tend to 
iiLfluence (usually decrease) the solubility (bioaccessability) and the absorption (bioavailability) 
of lead when ingested. 

When data are available on the bioavailability of lead in soil, dust, or other soil-like waste 
material at a site, this infonnation can often be used to improve the accuracy of exposure and 
risk calculations at that site. The basic equation for estimating the site-specific RBA of a test 
soil is as follows: 

·where: 

ABAsc,il = ABAsolublc · RBAsoil 

ABAsoil = 
ABAsoluble = 

RBAsoil = 

Absolute bioavailability of lead in soil ingested by a child 
Absolute bioavailability in children of some dissolved or fully ·soluble 
fonn of lead 
RBA for soil measured in swine 

Based on available infonnation on lead absorption in humans and animals, the EPA estimates 
that the absolute bioavailability of lead from water and other fully soluble fonns of lead is 
usually about 50% in children. Thus, when a reliable site-specific RBA value for soil is 
-available, it may be used to estimate a site-specific absolute bioavailability as follows: 

ABAsoil = 50% · RBAsoil 

In the absence of site-specific data, the absolute absorption of lead from soil, dust and other 
similar media is estimated by EPA to be about 30%. Thus, the default RBA used by EPA for 
lead in soil and dust compared to lead in water is 30%/50% = 60%. When the measured RBA 
in c:oil or dust at a site is found to be less than 60% compared to some fully soluble form of 
L it may be concluded that exposures to and risks from lead in these media at that site are 
p ably lower than typical default assumptions. If the measured RBA is higher than 60%, 
ab.:.IJrption of and risk from lead in these media may be higher than usually assumed . 

.., 
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2.0 STIJDY DESIGN 

The studies reponed here were pan of a larger project designed to investigate lead bioavailabilicy 
in a wide variety of soils and other solid materials. A standardized protocol for measuring 
absolute and relative bioavailability of lead was developed for the studies in this program based 
upon previous study designs and investigations that characterized the young pig model (W eis et 
al. 1995). The study was performed as nearly as possible within the spirit and guidelines of 
Good Laboratory Practices (GLP: 40 CFR 792). Standard Operating Procedures (SOPs) that 
included detailed methods for all aspects of the study were prepared, approved, and distributed 
to all team members prior to the study. The generalized study design. quality assurance project 
plan and all standard operating procedures are documented in a project notebook that is available 
through the administrative record. 

Two different samples from the Murray Smelter Superfund site were evaluated. These samples 
were each investigated in different studies. The first sample (a sample of slag) was evaluated 
in Study 4. The second sample (a sample of soil) was evaluated in Study 11. Both studies 
followed the same general design with specific details described in this section .. 

2.1 Test Materials 

Test materials used for these investigations were prepared for administration by air drying 
(maximum temperature = 40°C) followed by sieving through a nylon mesh to yield panicles 
less than about 250 urn. This was done because it is believed that fme panicles are most likely 
to adhere to the hands and be ingested by hand-to-mouth contact, and are most likely to be 
available for absorption. Grinding was not employed. 

CLP Analvsis 

Table 2-1 lists the metal content of the composite slag and soil samples measured using standard 
EPA Contract Laboratory Program (CLP) methods. 

Geochemical Speciation 

Each soil was well mixed and samples were analyzed by electron microprobe in order to identify 
a) how frequently panicles of various lead minerals were observed, b) how frequently different 
types of mineral panicles occur entirely inside panicles of rock or slag ("included") and how 
often they occur partially or entirely outside rock or slag panicles ("liberated"). and c) 
approximately how much of the total amount of lead (by mass) in the sample occurs in each 
mineral type. This is referred to as "relative lead mass". The results are summarized in Figure 
2-1 and in Table 2-2. 

As expected, the principle form of lead-bearing panicle in the slag sample is slag (i.e .• panicles 
of glassy matrix with lead dissolved in the glassy phase). However, this type of panicle contains 
a relatively low concentration of lead, and so does not account for most of the lead mass in the 
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TABLE 2-1 METAL ANALYSIS OF TEST MATERIALS 

Concentration (ppm) 
Chemical 

Murray Slaga Murray Soil 

Aluminum 9,230 6,520 

Antimony 59.6 20 

Arsenic 695 310 

Barium 2,100 584 

Beryllium 0.86 0.48 

Cadmium 29.9 23.8 

Calcium 88,100 69,000 

Chromium 34.4 16.4 

Cobalt 44.9 11.5 

Copper 2,040 856 

Iron 169,000 38,700 

Lead 11,500 3,2ool' 

·Magnesium 11,000 15.000 

Manganese 2.610 863 

Mercury 1.0 0.59 

Nickel 16.2 10.4 

Potassium 2,380 2,040 

Selenium 43.2 6.8 

Silver 18.0 11.1 

Sodium 810 532 

Thallium 12.0 4.8 

Vanadium 73.7 28.3 

Zinc 48,900 10.400 

a Mean of two replicate analyses 
b Original value by JCP·Trace was 2,890 ppm, but this was flagged "E" due to concern 

over serial dilutions. Value based on ICP was 3,200 ppm. This value judged to be 
more reliable. 
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FIGURE 2-1 LEAD MINERALS OBSERVED IN SITE SOILS 
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TABLE 2-2 GEOCIIEMICAl CHARACTERISTICS OF TEST MATERIALS• 

~~--~-

Mumy Slas Murny Soil 
Min~ral Funn 

P'article Freq.(") Particle Si1.e4 (um) Relative Particle Freq. t") Particle size (um) Relative 
lead lead Mass 

C(lURt- l..englh- min mu. mean Mus• Count- Length- min Rlll mean (") 

Basedh Weighted" {") Based Weishted 

Ansle~ite 0.2 0.04 10 15 12 1:0 -- -- -- -- -- --
A~(M)O -- -- -- -- - -- 0.2 0.02 3 3 3 0.003• 

Cerussite 0.3 0.04 3 1.5 8 1.1 1.6 0.66 5 40 14 14.0 

Fe-Ph O•ide 0.2 0.07 8 35 18 0.04 0.9 0.22 8 8 8 0.1 

Fe As 0.2 0.06 4 35 17 0 -- -- -- -- -- --

FeSi 0.7 0.32 8 80 28 t.S -- -- -- -- -- --

Galena 7.2 0.27 I IS 2 9.2 12.9 0.62 I 30 2 20.0 

Mn 0.5 0.28 8 110 31 0.8 -- -- -- - -- -

Native lead 0.2 0.01 2 4 3 0.7 -- -- -- - -- --

PbAsO 2.9 0.30 I 60 6 5.7 10.3 1.59 I 55 5 29.4 

PbMO 0.6 0.19 2 110 18 3.9 1.4 0.27 2 1.5 7 2.8 

PbO 10.5 1.48 I 100 8 68.7 2.3 0.61 2 25 9 26.6 

Slas 76.1 96.7 s 310 73 7.0 70.0 95.8 5 ]10 47 6.4 

Sulf 0.1 0.14 10 100 55 0.3 0.2 0.24 35 ]5 35 0.6 

Zn(M)SI04 0.] 0.08 10 30 16 O.Dl -- -- -- -- -- --

• Samples were analyzed usins an electron microprobe (JEOL 8600) to identify lhe number of particles of each lead species present in each sample and die particle size (largest 
dimension) of each particle. 
b Perce nllg e of all lead -bearing particles of the mineral form shown 
c Percenllge of tnllllength of all lead particles consistiq of mineral form shown 
" Based (ln lnRBest dimension of each particle 
• Rou1h estimate of the percent of the tolal mass of lnd present in each mineral form 
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samples. Rather, the majority of the relative lead mass exists in the form of lead oxide (PbO) 
(about 69%), with smaller contributions from galena (9%), lead arsenic oxide (6%) and other metal lead oxides (4%). Slag is also the most common lead-bearing panicle encountered in soil, 
but the majority of the relative lead mass in soil exists in the fonn of PbAsO (29% ), PbO 
(27%), and galena (20%), with smaller contributions from cerussite (14%) and slag (6.4%). 
Particle Size 

Figure 2-2 shows the distribution of the size of lead-bearing panicles in each sample. (Recall 
that each sample was sieved prior to analysis). As seen, the majority of lead bearing panicles 
in both samples are less than I 00 urn in longest dimension, with 48% and 79% less than 50 urn 
for slag and soil, respectively. As noted above, small particles are often assumed to be more 
likely to adhere to the hands and be ingested and/or be transported into the house. Further, 
small particles have larger surface area-to-volume ratios than larger panicles, and so may tend 
to dissolve more rapidly in the acidic contents of the stomach than larger particles. Thus, small 
particles (e.g., less than 25-50 urn) are thought to be of greater·potential concern to humans than 
larger panicles (e.g., 100-250 urn or larger). 

Matrix AssociatiQn 

Another property of lead particles that may be important in determining bioaccessability and/or 
bioavailability is the degree to which they are partially or entirely free from surrounding matrix 
("liberated"). In the slag sample, about 87% of all lead-bearing particles are liberated, 
accounting for about 77% of the relative lead mass. In the soil sample, about 80% of all lead­
bearing panicles are liberated, accounting for about 70% of the relative lead mass. These high 
percentages of partially or entirely liberated grains may tend to increase the bioavailability of 
lead in these samples. 

2.2 Experimental Animals 

Young swine were selected for use in these studies because they are considered to be a good 
physiological model for gastrointestinal absorption in children (Weis and LaVelle 1991). The 
animals were intact males of the Pig Improvement Corporation (PIC) genetically defined Line 
26, and were purchased from Chinn Farms, Clarence, MO. The animals were held under 
quarantine to observe their health for one week before beginning exposure to test materials. To 
minimize weight variations between animals and groups, the number of animals purchased from 
the supplier was six more than needed for the study, and the six animals most different in body 
weight on day -4 (either heavier or lighter) were excluded from further study. The remaining 
animals were assigned to dose groups at random. When exposure began (day zero), the animals 
were about 5-6 weeks old Guveniles, weaned at 3 weeks) and weighed an average of about 10.4 
kg for Study 4 and 7. 8 kg for Study 11. Animals were weighed every three days during the 
course of the studies. The group mean body weights over the course of the studies are shown 
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· FIGURE 2·2 PARTICLE SIZE DISTRIBUTION 
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in Figure 2-3. As seen, on average, animals gained about 0.4 to 0.5 kg/day, and the rate of weight gain was comparable in most groups, although animals with indwelling catheters (Experiment 4, Group 10) gained weight more slowly than average. 

All animals were housed in individual lead-free stainless steel cages. Each animal was examined by a certified veterinary clinician (swine specialist) prior to being placed on study, and all animals were examined daily by an attending veterinarian while on study. Any animal that displayed significant signs of illness was given appropriate treatment, and was removed from study if the illness could not be promptly controlled. Blood samples were collected for clinical chemistry and hematological analysis on days -4, 7, and 15 to assist in clinical health assessments. Due to infections around the indwelling catheters in pigs from the IV dosing group in Study 4, five pigs were removed from this study. No pigs from the lead acetate groups or the Murray Soil groups were removed from Study 11. 

2.3 Diet 

Animals provided by the supplier were weaned onto standard pig chow purchased from MFA Inc., Columbia, MO. In order to minimize lead exposure from the diet, the animals were gradually transitioned from the MFA feed to a special low-lead feed (guaranteed less than 0.2 ppm lead, purchased from Zeigler Brothers, Inc., Gardners, PA) over the time interval from day -7 to day -3, and this feed was then maintained for the duration of the study. The feed was nutritionally complete and met all requiJements of the National Institutes of Health-National Research Council. The typical nutritional components and chemical analysis of the feed is presented in Table 2-3. Typically, the feed contained approximately 5.7% moisture, 1.7% fiber.and provided about 3.4 kcal of metabolizable energy per gram. Periodic analysis of feed samples during this program indicated the mean lead level (treating non-detects at one-half the quantitation limit of 0.05 ppm) was less than 0.05 ppm. 

Each day every animal was given an amount of feed equal to 5% of the mean body weight of all animals on study. Feed was administered in two equal portions of 2.5% of the mean body weight at each feeding. Feed was provided at 11:00 AM and 5:00PM daily. Drinking water was provided ad libitum via self-activated watering nozzles within each cage. Periodic analysis of samples from randomly selected drinking water nozzles indicated the mean lead concentration (treating non-detects at one-half the quantitation limit) was less than 2 ug/L. 

2.4 Dosing 

The protocols for exposing animals to lead in Experiments 4 and 11 are shown in Table 2-4. The dose levels for lead acetate were based on experience from previous investigations that showed that doses of 25-225 ug Pb/kg/day gave clear and measurable increases in lead levels in all endpoints measured (blood, liver, kidney, bone). The doses of test materials were set at the same level as lead acetate, with one higher dose (675 ug Pb/kg-day) included in case the test materials were found to yield very low responses. 
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TABLE 2-3 TYPICAL FEED COMPOSITIONa 

Nutrient Name Amount Nutrient Name Amount 
Protein 20.1021% Chlorine 0.1911% 
Arginine 1.2070% Magnesium 0.0533% 
Lysine 1.4690% Sulfur 0.0339% 
Methionine 0.8370% Manganese 20.4719 ppm 
Met+Cys 0.5876% Zinc 118.0608 ppm 
Tryptophan 0.2770% Iron 135.3710 ppm 
Histidine 0.5580% Copper 8.1062 ppm 
Leucine 1.8160% Cobalt 0.0110 ppm 
Isoleucine 1.1310% Iodine 0.2075 ppm 
Phenylalanine 1.1050% Selenium 0.3196 ppm 
Pbe+Tyr 2.0500% Nitrogen Free Extract 60.2340% 
Threonine 0.8200% Vitamin A 5.1892 kiU/kg Valine 1.1910% Vitamin 03 0.6486 kiU/kg Fat 4.4440% Vitamin E 87.2080 IU/kg Saturated Fat 0.5590% Vitamin K 0.9089 ppm 
Unsaturated Fat 3.7410% Thiamine 9.1681 ppm 
Linoleic 18:2:6 1.9350% Riboflavin 10.2290 ppm 
Linoleic 18:3:3 0.0430% Niacin 30.1147 ppm 
Crude Fiber 3.8035% Pantothenic Acid 19.1250 ppm 
Ash 4.3347% Choline 1019.8600 ppm 
Calcium 0.8675% Pyridoxine 8.2302 ppm 
Phos Total 0.7736% Folacin 2.0476 ppm 
Available Phosphorous 0.7005% Biotin 0.2038 ppm 
Sodium 0.2448% Vitamin Bl2 23.4416 ppm 
Potassium 0.3733% 

a Nutritional values provided by Zeigler Bros., Inc. 
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TABLE 2-4 DOSING PROTOCOLS 

EXPER.IMEJ'IIT 4 

Number of Dose Lead Dose (ug Pblkg-d) 
Group Animals Material Exposure 

Target AcwaJ• Administered Route. ' 

1 2 PbAc Oral 0 0 

2 5 PbAc Oral 75 76.5 

3 5 PbAc Oral 225 216 

4 5 Murray Slag Oral 75 76.4 

5 5 Murray Slag Oral 225 231 

6 s Murray Slag Oral 675 674 

10 3b PbAc IV 100 101 

EXPERIMENT 11 

Number of Dose Lead Dose (ug Pblkg-d) 
Group Animals Material Exposure 

Actual1 

1 

2 

3 

4 

s 
6 

7 

Administered Route Target 

5 PbAc Oral 0 0 

s PbAc Oral 2S 27.7 

5 PbAc Oral 75 78.3 

s PbAc Oral 22S 233 

5 Murray Soil Oral 75 78.4 

5 Murray Soil Oral 225 235 

s Murray Soil Oral 675 701 

Doses were administered in two equal ponions jiven at 9:00AM and 3:00PM each day. Doses were based on 
the mean weight of the animals in each group, and were adjusted every three days to account for weight gain. 

Calculated as the administered daily dose divided by the measured or exuapolated daily body weight, averaged over 
days 0·14 for each animal and each group. 

Eight animals staned on srudy: 5 animals removed due to ·infection around catheters 
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Animals were exposed to lead for 15 days, with the dose for each day being administered in twc equal ponions given at 9:00AM and 3:00PM (two hours before feeding). Doses were basec on measured group mean body weights, and were adjusted every three days to account fo: animal growth. For animals exposed by the oral route, dose material was placed in the centeJ of a small ponion (about 5 grams) of moistened feed, and this was administered to the animals by hand. Most animals consumed the dose promptly, but occasionally some animals delayed ingestion of the dose for up to two hours (the time the daily feed portion was provided). These delays are noted in the data provided in Appendix A, but are not considered to be a significant source of error. Occasionally, some animals did not consume some or all of the dose (usually because the dose dropped from their mouth while chewing). All missed doses were recorded and the time·weighted average dose calculation for each animal was adjusted downward accordingly. 

For animals exposed by intravenous injection, doses were given via a vascular access port (V AP) attached to an indwelling venous catheter that had been surgically implanted according to standard operating procedures by a board-cenified veterinary surgeon through the external jugular vein to the cranial vena cava about 3 to S days before exposure began. 
Actual mean doses, calculated from the administered doses and the measured body weights, are also shown in Table 2-4. 

2.5 Collection of Biological Samples 

Samples of blood were collected from each animal Jour days before exposure began (day -4), on the first day of exposure (day 0), and on days 1, 2, 3, 5, 7, 9, 12, and 15 following the start of exposure. All blood samples were collected by vena-puncture of the anterior vena cava, and samples were inunediately placed in purple-top VacutainerCI tubes containing EDTA as anticoagulant. Blood samples were collected each sampling day beginning at 8:00 AM, approximately one hour before the first of the two daily exposures to lead oii the sampling day and 17 hours after the last lead exposure the previous day. This blood collection time was selected because the rate of change in blood lead resulting from the preceding exposures is expected to be relatively small after this interval (LaVelle et al. 1991, Weis et al. 1993), so the exact timing of sample collection relative to last dosing is not likely to be critical. 
Following collection of the fmal blood sample at 8:00 AM on day 15, all animals were humanely euthanized and samples of liver, kidney and bone (the right femur) were removed and stored in lead-free plastic bags for lead analysis. Samples of all biological samples collected were archived in order to allow for later reanalysis and verification, if needed. All animals were also subjected to detailed examination at necropsy by a certified veterinary pathologist in order to assess overall animal health. 
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2.6 Preparation of Biological Samples for Analysis 

One mL of whole blood was removed from the purple-top Vacutainer and added to 9. 0 mL of 
"matrix modifier", a solution recommended by the Centers for Disease Control and Prevention 

(CDCP) for analysis of blood samples for lead. The composition of matrix modifier is 0.2% 
(v/v) ultrapure nitric acid, 0.5% (v/v) Triton X-100, and 0.2% (w/v) dibasic ammonium 
phosphate in deionized and ultrafiltered water. Samples of the matrix modifier were routinely 
analyzed for lead to ensure the absence of lead contamination. 

Liver and Kidney 

One gram of soft tissue (liver or kidney) was placed in a lead-free screw-cap teflon container 

with 2 mL of concentrated (70%) nitric acid and heated in an oven to 90°C overnight. After 
cooling, the digestate was transferred to a clean lead-free 10 mL volumetric flask and diluted 
to volume with deionized and ultrafiltered water. 

The right femur of each animal was removed and defleshed, and dried at 100°C overnight. The 

dried bones were then placed in a muffle furnace and dry-ashed at 450°C for 48 hours. 
Following dry ashing, the bone was ground to a fme powder using a lead-free mortar and pestle, 

and 200 mg was removed and dissolved in 10.0 mL of 1:1 (v:v) concentrated nitric acid:water. 

After the powdered bone was dissolved and mixed, 1.0 mL of the acid solution was removed 

and diluted to 10.0 mL by addition of 0.1% (w/v) lanthanum oxide (La20 3) in deionized and 
ultrafiltered water. 

2. 7 Lead Analysis 

Samples of biological tissue (blood, liver, kidney, bone) and other materials (food, water, 
reagents and solutions, etc.) were arranged in a random sequence and provided to EPA's 

analytical laboratory in a blind fashion (identified to the laboratory only by a chain of custody 

tag number). Each sample was analyzed for lead using a Perkin Elmer Model 5100 graphite 
furnace atomic absorption spectrophotometer. Internal quality assurance samples were run every 

tenth sample, and the instrument was recalibrated every 15th sample. A blank, duplicate and 

spiked sample were run every 20th sample. 

All results from the analytical laboratory were reponed in units of ug Pb/L of prepared sample. 

The quantitation limit was defmed as three-times the standard deviation of a set of seven 
replicates of a low-lead sample (typically about 2-5 ug/L). The standard deviation was usually 

about 0.3 ug/L, so the quantitation limit was usually about 0.9-1.0 ug/L (ppb). For prepared 

blood samples (diluted 1/10), this corresponds to a quantitation limit of 10 ug/L (1 ug/dL). For 
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soft tissues (liver and kidney, diluted 1110), this corresponds to a quantitation limit of 10 ug/kg 
(ppb) wet weight, and for bone (final dilution = 11500) the corresponding quantitation limit is 
0.5 ug/g (ppm) ashed weight. 
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3.0 DATA ANALYSIS 

3.1 Overview 

Studies on the absorption of lead are often complicated because some biological responses to lead exposure may be non-linear functions of dose (i.e., tending to flatten out or plateau as dose increases). The cause of this non-linearity is uncenain but might be due either to non-linear absorption kinetics and/or to non-linear biological response per unit dose absorbed. When the dose-response curve for either the reference material (lead acetate) and/or the test material is non-linear, RBA is equal to the ratio of doses that produce equal responses (not the ratio of responses at equal doses). This is based on the simple but biologically plausible assumption that equal absorbed doses yield equal biological responses. Applying this assumption leads to the following general methods for calculating RBA from a set of non-linear experimental data: 

1. Plot the biological responses of individual animals exposed to a series of oral 
doses of soluble lead (e.g., lead acetate). Fit an equation which gives a smooth 
line through the observed data points. 

2. Plot the biological responses of individual animals exposed to a series of doses 
of test material. Fit an equation which gives a smooth line through the observed 
data. 

3: Using the best fit equations for reference material and test material, calculate 
RBA . as the ratios of doses of test material and reference material which yield 
equal biological responses. Depending on the relative shape of the best-fit lines 
through the lead acetate and test material dose response curves, RBA may either 
be constant (dose-independent) or variable (dose-dependent). 

The· principal advantage of this approach is that it is not necessary to understand the basis for a non-linear dose response curve (non-linear absorption and/or non-linear biological response) in order to derive valid RBA estimates. Also, it is important to realize that this method is very general. as it will yield correct results even if one or both of the dose-response curves are linear. In the case where both curves are linear, RBA is dose-independent and is simply equal to the ratio of the slopes of the best-fit linear equations. 

3.2 Fitting the Curves 

There are a number of different mathematical equations which can yield reasonable fits with the dose·. ·:sponse data sets obtained in this study. In selecting which equations to employ, the following principles were applied: 1) mathematically simple equations were preferred over mathematically complex equations, 2) the shape of the curves had to be smooth and biologically realistic, without inflection points, maxima or minima, and 3) the general fonn of the equations had to be able to fit_ data not only from this one study, but from all the studies that are pan of 
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this project. After testing a wide variety of different equations, it was found that all data sets could be well fitted using one of the following three fonns: 

Linear <LIN): Response = a + b ·Dose 

Exponential <EXP>: Response = a + c · (1-exp( -d · Dose)) 

Combination <LIN+ EXP): Response = a + b · Dose + c · (1-exp( -d · Dose)) 
Although underlying mechanism was not considered in selecting these equations, the linear equation allows fitting of data that do not show evidence of saturation in either uptake or response, while the exponential and mixed equations allow evaluation of data that appear to reflect some degree of saturation in uptake and/or response. 

Each dose-response data set was fit to each of the equations above. If one equation yielded a fit that was clearly superior (as judged by the value of the adjusted correlation coefficient R2) to the others, that equation was selected. If two or more models fit the data approximately equally well, then the simplest model (that with the fewest parameters) was usually selected. In the process of fmding the best-fits of these equations to the data, the values of the parameters (a, b, c, and. d) were subjected to some constraints, and some data points (those that were outside the 95% prediction limits of the fit) were excluded. These constraints and outlier exclusion steps are detailed in Appendix A (Section 3). 

3.3 Responses Below Quantitation Limit 

In some cases, most or all of the responses in a group of animals were below the quantitation limit for the endpoint being measured. For example, this was normally the case for blood lead values in unexposed animals (both on day -4 and day 0, and in control animals), and also occurred during the early days in the study for animals given test materials with low bioavailability. In these cases, all animals which yielded responses below the quantitation limit were evaluated as if they had responded at one-half the quantitation limit. 

3.4 Low-Dose. and High-Dose Uncertainty 

The low-dose portions of the dose-response curves for lead acetate and/or test material are sometimes difficult to defme. This is because the magnitude of the variability in responses between different animals in a group may be large compared to the mean response of the group. This low-dose uncertainty in the dose-response curves can introduce significant uncefqlinty into low-dose RBA calculations. To account for this, RBA values were not calculated for doses of test material lower than the dose of lead acetate that yielded a response three-times that of the mean of the control group. 

In some cases, the response of the high dose of a test material was higher than the response of the highest dose of lead acetate given. This introduced uncenainty in RBA values at high doses, 
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f?ecause calculation of the RBA values would require extrapolation of the lead acetate dose­

response curve beyond the measured data. To limit the uncertainty introduced by this situation, 

the lead acetate standard curve was not extrapolated beyond the highest measured individual 

response observed in animals exposed to the high dose of lead acetate, and RBA values were not 

calculated for test material at doses which yielded responses above this value. In some cases, 

the best-fit curves for test materials plateaued prior to reaching response levels seen for lead 

acetate. In this situation, RBA values were not calculated for doses beyond the highest nominal 
dose leve~ tested during the study. 

In practice, most humans are likely to be exposed at the lower end of the dose range presented 
to the animals. 

3.5 Quality Assurance 

A number of steps were taken throughout this study and the other studies in this project to 
ensure the quality of the results. These steps are SUtnmarized below. 

Duplicates 

A .. dndomly selected set of about 5% of all samples generated during the studies were submitted 

to the laboratory in a blind fashion for duplicate analysis. The raw data for each study are 

presented in Appendix A. and Figure 3-1 plots the results (combined across studies) for blood 

(Panel A, upper) and for bone, liver and kidney (Panel B, lower). As seen, there was good 

intra-laboratory reproducibility between duplicate samples for both blood and tissues, with linear 

regression lines having a slope near 1.0, an intercept near zero, and an R2 value near 1.0. 

Standards 

The Centers for Disease Control and Prevention (CDCP) provides a variety of blood lead "check 

samples" for use in quality assurance programs for blood lead studies. Each time a group of 

blood samples was prepared and sent to the laboratory for analysis, several CDCP check samples 

of different concentrations were included in random order and in a blind fashion. 

The results for the samples submitted during Studies 4 and 11 are presented in Appendix A. and 

the values are planed in Figure 3-2. As seen, the analytical results obtained for the check 
samples in Study 4 tended to be about 1-1.5 ug/dL low in all groups (BDL vs 1.7, 3.6 vs 4.8. 

and 13.4 vs 14.9 ug/dL). In Study 11. there was better agreement for the check samples (2.1 
VS 1.7, 4.6 VS 4.8, and 14.7 VS 14.9). 

ln'"':laboraton· Comparison 
I 

AJ; :l:erlaboratory comparison of blood lead analytical results was performed by sending a set 

of approximately 20 'randomly selected whole blood samples from each study to CDCP for blind 
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independent analysis. The results are presented in Appendix A, and the values are plotted in Panel B (lower} of Figure 3-3. As seen, in Study 4 the results from EPA's laboratory appeared to be about 25% lower on average than the results from CDCP. In Study 11, the agreement between the laboratories was substantially better (Panel B). 

The reason for the apparent discrepancy in Study 4 between the observed and expected results for the check samples (Figure 3-2} and between the EPA laboratory and the CDCP laboratory (Figure 3-3} is not clear, but might be related to differences in sample preparation techniques. Regardless of the reason, the differences are sufficiently small that they are likely to have no significant effect on calculated RBA values. In panicular, it is important to realize that if both the lead acetate and test soils dose-response curves are biased by the same factor. then the biases cancel in the calculation of the ratio. 

Data Audits and Spreadsheet Validation 

All analytical data generated by EPA's analytical laboratory were validated prior to being released in the form of a database file. These electronic data files were "decoded" (linking the sample tag to the correct animal and day) using Microsoft's database system ACCESS11 (Version 5 for Windows). To ensure that no errors occurred in this process, original downloaded electronic files were printed out and compared to printouts of the tag assignments and the decoded data. 

All spreadsheets used to manipulate the data and to perform calculations (see Appendix A) were validated by hand-checking random cells for accuracy. 
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4.0 RESULTS 

The following sections provide results based on the group means for each dose grout investigated in this srudy. Appendix A provides detailed data for each individual animal Results from this srudy will be compared and ~contrasted with the results from other srudies ir a subsequent report. 

4.1 . Blood Lead vs Time 

Figure 4-1 (Panels A and B) show the group mean blood lead values as a function of time in animals exposed to each of the test materials. Each panel also shows the response of animals exposed to lead acetate in the corresponding srudy. As seen, blood lead values began at or below quantitation limits (about 1 ug/dL) in all groups, and remained at or below quantitation limits in control animals (Group 1). In animals given repeated oral doses of lead acetate, slag or soil, blood levels began to rise within 1-2 days, and tended to plateau by the end of the srudy (day 15). A similar pattern was observed in animals exposed to lead acetate by intravenous injection. 

In Experiment ll, there is a possibility that measured blood lead values for Days 2 and 3 may have been switched due to a labelling error. No corrections were made in the data for this potential error, however, it should be noted that this will have no effect on the calculation of RBA, as AUC is unaffected. 

4.2 Dose-Response Patterns 

Blood Lead 

The measurement endpoint used to quantify the blood lead response was the area under the curve (AUC) for blood lead vs time (days 0-15). AUC was selected because it is the standard pharmacokinetic index of chemical uptake into the blood compartment, and is relatively insensitive to small variations in blood lead level by day. The AUC for each animal was calculated using the trapezoidal rule to estimate the AUC between each time point that a blood lead value was measured (days 0, 1, 2, 3, S, 7, 9, 12, and 15), and summing the areas across all time intervals in the srudy. The derailed data and calculations are presented in Appendix A, and the results are shown graphically in Figure 4-2. Each data point reflects the group mean exposure and group mean response, with the variability in dose and response shown by standard error bars. The panels also show the best-fit equation through each data set. 
As seen. the dose response pattern is non-linear (exponential) for both lead acetate and test material. both in Study 4 and Study 11. Inspection of the best-fit equations reveals that the absorption of lead from slag (Panel A) and soil (Panel B) are both somewhat lower than for lead acetate. with the difference being more apparent for slag than soil. 
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Tissue Lead 

The dose-response data for lead levels in bone, liver and kidney (measured at sacrifice on day 15) are detailed in Appendix A, and are shown graphically in Figures 4-3 through 4-5. 
As seen, the dose response curves for animals exposed to lead acetate are all reasonably-well fit by linear equations for all of the tissue endpoints (liver, kidney and bone). This panem is similar to what has been observed iri other studies that were part of this project. In contrast, the dose-response curves for test material (slag, soil) are generally non-linear, and are bener fit with exponential than linear equations for all data sets except for liver in Study 4. In this case, both linerar and exponential yielded approximately equal quality fits, so the exponential fit was selected based on the non-linear behavior of all of the other tissue data sets. This non-linearity in the dose response of test materials in liver, kidney and bone was not expected, and has not been observed in liver, kidney and bone in most other studies. The basis for the non-linear response in not known. 

4.3 Calculated RBA Values 

Relative bioavailability values were calculated for each test material for each measurement endpoint (blood, bone, liver, kidney) using the method described in Section 3.0. The results are shown in Figure 4-6. Because of the difference in shape between the dose-response curves for lead acetate and test materials, most of the calculated RBA values are not constant, but tend to decrease with increasing dose. Assuming that this dose-dependency is real, the RBA values that are most relevant are at a dose near that which would be expected for a child. In all cases, this is likely to be in the range of 5-50 ug/kg-day, at or below the low end of the exposure range investigated in this sru.dy. Thus, the point estimates for each endpoint are those at the lower end of the curves shown in Figure 4-6, as follows: 

Low Dose RBA Measurement 
Endpoint Mumy Slag Murray Soil 

Blood Lead AUC 0.55 0.67 
Liver Lead 0.37 0.87 
Kidney Lead 0.44 1.02 
Bone Lead 0.61 0.63 

An imponant feature to note in all of the dose response data sets (see Figures 4-2 to 4-5) is that even though the resonses of test material are lower than for lead acetate at high dose (225 to 675 ug/kg-day). the responses are nearly identical at low dose (75 ug/kg-d). This suppons the conclusion that RBA is dose dependent, and has a high value (perhaps even approaching 1. 0) at very low dose. 
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Recommended RBA Values 

As shown above, for each test material, there are four independent estimates of RBA (based on 
blood, liver, kidney, and bone), and. the values do not agree in all cases. In general, we 
recommend greatest emphasis be placed on the RBA estimates derived from the blood lead data. 
There are several reasons for this recommendation, including the following: 

1) Blood lead calculations are based on multiple measurements over time, and so are 
statistically more robust than the single measurements available for tissue 
concentrations. Further, blood is a homogeneous medium, and is easier to 
sample than complex tissues such as liver, kidney and bone. Consequently, the 
AUC endpoint is less susceptible to random measurement errors, and RBA values 
cal~ulated from AUC data are less uncertain. 

2. Blood is the central compamnent and one of the first compamnents to be affected 
by absorbed lead. In contrast, uptake of lead into peripheral compartments (liver, 
kidney, bone) depend on transfer from blood to the tissue, and may be subject to 
a variety of toxicokinetic factors that could make bioavailability determinations 
more complicated. 

3. The dose-response curve for blood lead is non-linear, similar to the non-linear 
dose-response curve observed in children (e.g., see Sherlock and Quinn 1986). 
Thus, the response of this endpoint is known to behave similarly in swine as in 
children. and it is not known if the same is true for the tissue endpoints. 

4. Blood lead is the classical measurement endpoint for evaluating exposure and 
health effects in humans, and the health effects of lead are believed to be 
proportional to blood lead levels. 

However, data from the tissue endpoints (liver, kidney, bone) also provide valuable information. 
We consider the plausible range to extend from the RBA based on blood A UC to the mean of 
the other three tissues (liver, kidney, bone). The preferred range is the interval from the RBA 
based on blood to the mean of the blood RBA and the tissue mean RBA. Our suggested point 
estimate is the mid-point of the preferred range. These values are presented below: 

Relative Bioavailability of Lead 
Test 
Material Plausible Range Preferred Range Suggested Point Estimate 

Murray Slag 0.55-0.47 0.55-0.51 0.53 

Murray Soil 0.67-0.84 0.67-0.75 0.71 
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4.4 Estimated Absolute Bioavailability in Children 

These RBA estimates may be used to help assess lead risk at this site by refining the estimate 
of absolute bioavailability (ABA) of lead in soil, as follows: 

ABAsoil = ABAsoluble · RBAsoil 

Available data indicate that fully soluble fonns of lead are about SO% absorbed by a child 
(USEPA 1991, 1994). Thus, the estimated absolute bioavailability of lead in site soils are 
calculated as follows: 

ABA Murray Slag = SO% • RBAMurray Slag 

ABAMurray Soil = SO% • RBAMurray Soil 

Based on the RBA values shown above, the estimated absolute bioavailabilities in children are 
as follows: 

Absolute Bioavailability of Lead 
Test 
Material Plausible Range Preferred Range Suggested Point Estimate 

Murray Slag 28%-24% 28%-26% 27% 

Murray Soil 34%-42% 34%-38% 36% 

4.5 Uncertainty 

These absolute bioavailability estimates are appropriate for use in EPA's IEUBK model for this 
site, although it is clear that there is both variability and uncertainty associated with these 
estiinates. .This variability and uncertainty arises from several sources. First, differences in 
physiological and phannacokinetic parameters between individual animals leads to variability in 
response even when exposure is the same. Because of this inter-animal variability in the 
responses of different animals to lead exposure, there is mathematical uncertainty in the best fit 
dose-response curves for both lead acetate and test material. This in tum leads to uncertainty 
in the calculated values of RBA, because these are derived from the two best-fit equations. 
Second, uncertainty arises from the unexpected non-linear dose-response pattern observed in 
liver. kidney and bone of animals exposed to test material. Because RBA appears to depend on 
dose; the precise value that should be applied to a child depends on the exposure levels 
experienced by each child. Thus, use of a single low-end point estimate may not be accurate 
for all dose levels. Third, there is uncertainty in how to weight the low-dose RBA point estimate 
values based on th~ different endpoints, and how to· select a point estimate for RBA that is 
applicable to typical site-specific exposure levels. Fourth. there is uncertainty in the 
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extrapolation of measured RBA values in swine to young children. Even though the immature 
swine is believed to be a useful and meaningful animal model for gastrointestinal absorption in 
children, it is possible that differences in stomach pH, stomach emptying time, and other 
physiological parameters may exist and that RBA values in swine may not be precisely equal to 
values in children. Finally, studies in humans reveal that lead absorption is not constant even 
within an individual, but varies as a function of many factors (mineral intake, health status, 
etc.). One factor that may be of special importance is time after the last meal, with the presence 
of food tending to reduce lead- absorption. The values of RBAs measured in this srudy are 
intended to estimate the maximum uptake that occurs when lead is ingested in the absence of 
food. Thus, these values may be somewhat conservative for children who ingest lead along with 
food. The magnirude of this bias is not known, although preliminary srudies in swine suggest 
the factor may be relatively minor. 
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APPENDIX A 

DETAILED DATA SUMMARY 

1.0 OVERVIEW 

Perfonna~ce of these studies involved collection and reduction of a large number of data items. 
All of these data items and all of the data reduction steps are contained within two Microsoft 
Excel spreadsheets named "MURRA Yl.XLS" and "MURRA Y2.XLS" that are available upon 
request from the administrative record. MURRA Y1.XLS contains data from Phase II 
Experiment 4 in which Murray slag was evaluated, and MURRA Y2.XLS contains data for 
Murray soil evaluated in Phase II Experiment 11. These files are provided to allow detailed 
review and evaluation by outside parties of all aspects of the study. 

All tables and figures referred to in this Appendix are printouts of selected tables and graphs 
from the XLS files. These tables and graphs are all presented at the end of the text section, 
grouped by experiment. That is, all tables and graphs from Experiment 4 (Murray Slag) are 
presented together, followed by an analogous series of tables and graphs from Experiment 11 
(Murray Soil). These tables and graphs provide a more detailed documentation of the individual 
animal data and the data reduction steps performed in these studies than was presented in the 
main text. Any additional details of interest to a reader can be found in the XLS spreadsheets. 

2.0 RAW DATA AND DATA REDUCTION STEPS 

2.1 Body Weights and J:)ose Calculations 

Animals were weighed on day -1 (one day before exposure) and every three days thereafter 
during the course of the study. Doses of lead for the three days following each weighing were 
based on the group mean body weight, adjusted by addition of 1 kg to account for the expected 
weight gain over the interval. After completion of the experiment, body weights were estimated 
by interpolation for those days when measurements were not collected, and the actual 
administered doses (ug Pb/kg) were calculated for each day and then averaged across all days. 
If an animal missed a dose or was given an incorrect dose, the calculation of average dose 
corrected for these factors. These data and data reduction steps are shown in Tables A-1 and 
A-2. 

2.2 Blood Lead vs Time 

Blood lead values were measured in each animal on days -4, 0, 1, 2, 3, 5, 7, 9, 12, and 15. 
The raw laboratory data (reponed as ug/L of diluted blood) are shown in Table A-3. These data 
were adjusted as follows: a) non-detects were evaluated by assuming a value equal to one-half 
the quantitation limit, and b) the concentrations in diluted blood were converted to units of ug/dL 
in wh9le blood by dividing by a factor of 1 dL of blood per L of diluted sample. The results 
are shown in the right-hand column of Table A-3. Figures A-1 to A-3 plot the results for 
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individual animals organized by group and by day. Figure A-4 plots the mean for each dosing 
group by day. 

After adjustment as above, values that were more than a factor of 1.5 above or below the group 
mean for any given day were "flagged" by computer as potential outliers. These values are 
shown in Table A-4 by cells that are shaded gray. Each data point identified in this way was 
reviewed and professional judgment was used to decide if the value should be retained or 
excluded. In order to avoid inappropriate biases, blood lead outlier designations were restricted 
to values that were clearly aberrant from a time·course and/or dose·response perspective. Those 
which were judged to warrant exclusion are shown by a heavy black box around the value. All 
other flagged values were retained. 

Rarely, a value not flagged by the computer was judged to be an outlier that should be excluded. 
These are shown by unshaded cells surrounded by a heavy black box. (There are none in this 
study). 

Table A-5 provided a discussion of the rationale used to decide if a blood lead value should be 
designated as an outlier or not. 

2.3 Blood Lead AUC 

The area under the blood lead vs time curve for each animal was calculated by finding the area 
under the curve for each time step using the trapezoidal rule: 

where: 

d = day number 
r = response (blood lead value) on day i (ri) or day j (rj) 

The areas were then summed for each of the time intervals to yield the final AUC for each 
animal. These calculations are shown in Table A-6. If a blood lead value was missing (either 
because of problems with sample preparation, or because the measured value was excluded as 
an outlier), the blood lead value for that day was estimated by linear interpolation. 

2.4 Liver, Kidney and Bone Lead Data 

At sacrifice (day 15), samples of liver, kidney and bone (femur) were removed and analyzed for 
lead. The raw data (expressed as ug Pb/L of prepared sample) are summarized in Table A-7. 
These data were adjusted as follows: a) non-detects were evaluated by assuming a value equal 
to one-half the quantitation limit, and b) the concentrations in prepared sample were convened 
to units of concentration in the original biological sample by dividing by the following factors: 
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Liver: 
Kidney: 
Bone: 

0.1 kg wet weight!L prepared sample 
0.1 kg wet weight/L prepared sample 
2 gm ashed weight/L prepared sample 

The resulting values are shown in the right~hand column of Table A-7. 

3.0 CURVE FITI'ING 

Basic EQuations 

A commercial curve-fining program (Table Curve-2Dn~ Version 2.0 for Windows, available from Jande! Scientific) was used to derive best fit equations for each of the individual dose­response data sets derived above. A least squares regression method was used for both linear and non-linear equations. As discussed in the text, three different user-defined equations were fit to each data set: 

Linear CUN>: Response = a + b · Dose 

Exponential <EXP>: Response = a + c · ( 1-exp( -d · Dose)) 

Combination <UN +EXP): Response = a + b ·Dose + c · (1-exp(-d ·Dose)) 

(;onstraints 

In the process .of finding the best-fits of these equations to the data, the values of the parameters (a, b, c, and d) were constrained as follows: 

• Parameter "a" (the intercept, equal to the baseline or control value of the measurement endpoint) was constrained to be non-negative and was forced in all cases to be the same for the reference material (lead acetate) and the test materials. This is because, by definition, all dose-response curves for groups of animals exposed to different materials must arise from the same value at zero dose. In addition, for blood lead data, "a" was constrained to be equal to the mean of the control group ± 20% (typically 7.5 ± 1.5 AUC units). 

• Parameter "b" (the slope of the linear dose-response line) was constrained to non­negative values, since all of the measurement endpoints evaluated are observed to increase, not decrease, as a function of lead exposure. 

• Parameter "c" (the plateau value of the exponential curve) was constrained to be non-negative. In most swdies this parameter was also forced to be the same for the reference material (lead acetate) and the test material because it is expected 
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on theoretical grounds that the plateau (saturation level) should be the same 

regardless of the source of lead. However, in these studies the data for several 

endpoints indicated that the plateau value may not be the same. The basis for this 

unexpected result is not clear, but the curves were fit without forcing the plateaus 

to be the same for lead acetate and test material. 

• Parameter "d" (which determines where the "bend" in the exponential equation 

occurs) was constrained to be greater than 0.0045 for the lead acetate blood lead 

(AUC) dose-response curve. This constraint was judged to be necessary because 

the weight of evidence from all studies clearly showed the lead acetate blood lead 

dose response curve was non-linear and was best fit by an exponential equation, 

but in some studies there were only two low doses of lead acetate used to defme 

the dose-response curve, and this narrow range data set could sometimes be fit 

nearly as well by a linear as an exponential curve. The choice of the constraint 

on "d" was selected to be slightly lower than the observed best-fit value of "d'' 

(0.006) when data from all lead acetate AUC dose-response curves from all of the 

different studies in this program were used. This approach may tend to 

underestimate relative bioavailability slightly in some studies (especially at low 

dose), but use of the information gained from all studies is judged to be more 

robust than basing fits solely on the data from one study. 

In general, one of these models (the linear, the exponential, or the combination) usually yielded 

a fit (as judged by the value of the adjusted correlation coefficient R2 and by visual inspection 

of the fit of the line through the measured data points) that was clearly superior to the others. 

If two or more models fit the data approximately equally well, then the simplest model (that with 

the fewest parameters) was selected. 

Outlier ldentif1cation 

During the dose-response curve fitting process, all data were carefully reviewed to identify any 

anomalous values. Typically, the process used to identify outliers was as follows: 

Step 1 

Step 2 

Step 3 

Any data points judged to be outliers based on information derived from analysis 

of data across multiple studies (as opposed to conclusions drawn from within the 

study) were excluded. 

The remaining raw data points were fit to the equation judged to be the most 

likely to be the best fit (linear, exponential, or mixed). Table Curve 2-D was 

then used to plot the 95 % prediction limits around the best fit line. All data 

points that fell outside the 95 % prediction limits were considered to be outliers 

and were excluded. 

After f;Xcluding these points (if any), a new best-fit was obtained. In some cases, 

data points originally inside the 95 % prediction limits were now outside the 
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limits. However, further iterative cycles of data point exclusion were not 
performed, and the fit was considered final. 

Curve Fit Results 

Table A-8 lists the data used to fit these curves, indicating which endpoints were excluded as 
outliers and why. The corresponding best fit equations are shown in Figures A-5 to A-12. 
Values excluded as outliers are represented in the figures by the symbol " + ". 

4.0 RESULTS -- CALCULATED RBA VALUES 

The value of RBA for a test substance was calculated for a series of doses using the following 
procedure: 

1. For each dose, calculate the expected response to test material, using the best fit 
equation through the dose-response data for that material. 

2. For each expected response. to test material, calculate the dose of lead acetate that 
is expected to yield an equivalent response. This is done by "inverting" the dose-. 
response curve for lead acetate, solving for the dose that corresponds to a 
specified response. 

3. · Calculate RBA at that dose as the ratio of the dose of lead acetate to the dose of 
test material. For the situation where both curves are linear, the value of RBA 
is the ratio of the slopes {the "b" parameters)'. In the case where both curves are 
exponential and where both curves have the same values for parameters "a" and 
"c" , the value of RBA is equal to the ratio of the "d" parameters. In other Gases, 
RBA is not constant but depends on dose. 

Table A-9 shows the appropriate low-dose and high-dose truncation (confidence) limits for each 
curve, and gives the predicted values of RBA as a function of dose. Figure A-13 plots the 
calculated RBA values as a function of dose. 

5.0 QUALITY ASSURANCE DATA 

A number of steps were taken throughout this study and the other studies in this project to 
ensure the quality of the results, including 5% duplicates, 5% standards, a program of 
interlaboratory comparison. These steps are detailed below. 

Duplicates 

Duplicate samples were prepared and analyzed for about 5% of all samples generated during the 
study. _Table A-ll lists the first and second values for blood, liver, kidney, and bone. The 
results are shown in Figure 3-1 in the main text. 
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Standards 

The.· Centers for Disease Control and Prevention (CDCP) provides a variety of blood lead "check 
samjlles" for use in quality assurance programs for blood lead studies. Each time a group of 
blood samples was prepared and sent to the laboratory for analysis, several CDCP check samples 
of different concentrations were included. Table A·12 lists the concentrations reponed by the 
laboratory compared to the nominal concentrations indicated by CDCP for the samples submitted 
during this study, and the results are plotted in Figure 3-2 in the main text. 

Interlaboratory Comparison 

An interlaboratory comparison of blood lead analytical results was performed by sending a set 
of approximately 20 randomly selected whole blood samples from this study to CDCP for 
independent analysis. The data are presented in Table A-13, and the results are plotted in Figure 
3-3 in the main text. 
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TABLES AND GRAPHS FROM EXPERIMENT 4 

MURRAY SLAG SAMPLE 
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__ !_I -~~ &0~ ~~~ ~u• ~U, ov~ ~~ •- g~, &U& oul og~ • 'I •- ~, &uo.,~, ·~, '( &w nl ·~ u~, ·~• -·, •u~ ~·~ •- ~~ •n ••1 &uo ou u~ ~ ~ I 4. r- ~-- •-•- ·--.. _._..., ........ ..,..,,.., • ......,.,.. ... _ _..,.. ..., ...... a••~ _ ........... ., ... ~.::: -~ 11!!-8"'11£: e"''lll!!!l"'l a••_.. .. r- _,._ 

4 

4 
4 --s-
5 
5 
5 
5 
a 
8 

10 
10 
10 
10 
10 

--Animal 1ernoved du1ing course af sludr 

9814 
10542 
10219 100 

100 

96 
105 
102 

101 
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TABLEA-3 RAW AND ADJUSTED BLOOD LEAD DATA BY DAY 

Pt1ASE II. EXPERIMENT 4 (Data not ShOW!) for groups 7, 8, & 9) 

Lllbr .. ult Adjusted Valua 

P18"'"""' sample proup material administotrad ao .. t• quallft•r !upiL) d,.Y source file MATRIX !upldLt Notots 

417 8-904105 1 control 0 < 1 -4 a.pog31 .aa e~ooo 05 

430 &-"9Q.t153 1 control 0 < -4 a:pog31.da Bl.OOD 05 

409 8-90<1 1 ·17 2 PbAc 75 < -4 a:pog31.da BLOOD 0.5 

419 8-90<1142 2 PbAe 75 < -4 a:pog31.aa BLOOD 0.5 

429 8-804125 2 PbAc 75 < -4 a:pog31.da B~OOO 0~ 

443 8-90<1108 2 PbAc 75 < -4 a:pog31.da BLOOD 05 

444 8-904103 2 PbAo 75 < -4 a:pog31.da Bl.OOD 0.5 

408 8·904121 3 PbAc 225 < -4 a:pog31.da BLOOD 0.5 

410 8-904116 3 PbAo 225 < -4 a:pog31.da Bl.OOD 0.5 

426 8·904140 3 PbAc 225 c -4 a:pog31.da Bl.OOD 05 

441 8·904145 3 PbAc 225 < -4 Ullg31.dl 81.000 0.5 

455 8-904100 3 PbAo 225 < -4 a:pog31.dl 81.000 0.5 

402 8·904122 4 Murray Slag 75 < -4 a:pog31.aa BLOOD 0.5 

407 8-90<1144 4 Murray Slag 75 .. -4 a:pog31.da Bl.OOD 0.5 

411 8·904106 4 Murray Slag 7S .. .. a:pog31.aa BLOOO 0.5 

423 8-904149 • Murray Slag 75 < -4 a:pog31.aa BLOOD 0.5 

A 50 8-!aOA107 4 Murray Slag 75 < .. a:pog31.ali 81.000 0.5 

A20 8·904104 5 Murray Slag 225 .. -4 a:pog31.da BLOOD OS 

431 8-liOA1 10 5 Murray Slag 225 c -4 a:pog31.aa BLOOD 0.5 

432 8·904129 5 Murray $ilg 225 < .. a:pog31.da Bl.OOD 05 

440 8-90<1123 5 Murray Slag 225 < -4 a:pog31.aa .BLOOD 0.5 

446 8-904118 5 Murray Slag 225 c .. a:pog31.aa Bl.OOD 0.5 

412 8-804128 6 Murray Slag 675 .. .. a:pig31 da EII..OOD 05 

418 8·904150 6 Murray Slag 875 < -4 a.pog31.oa BLOOD 05 

427 8-804130 6 Murray Slag 675 c -4 a:pog31.aa BLOOD 0.5 

437 8·904146 6 Murray Slag 875 < .. -a:pog31.dl BLOOD 0.5 

442 8-liOA1 11 6 Murray Slag &75 < -4 a:pog31.da BLOOD 0.5 

415 8-liOA120 10 rv 100 c .. a:pog31.da BLOOD 05 

421 8-804127 10 IV 100 < -4 a:pog31.aa BLOOD 0.5 

42.ol 8-904137 10 N 100 < -4 a:llig31.aa 'BLOOD 0.5 

425 8·904117 10 N 100 < .. a:pog31.aa BLOOD 0.5 

438 8-804152 10 rv 100 < -4 a:pog31.da BLOOO 05 

439 8-110<11 19 10 N 100 .. -4 a:pog31.da BLOOD 0.5 

445 8·904135 10 rv 100 .. .. a:pog31.da 81.000 0.5 

451 8·904143 10 N 100 -4 BLOOD ramovea 

., 8-904180 , control 6 < 0 a:pogll.da BLOOD 05 

430 8-904179 1 control 0 < D a:pog31.dl :BLOOO OS 

409 8-90A169 2 PbAo 75 .. D a:pog31.dl 8LOOO 0.5 

419 8-9Q.t185 2 PbAo 75 < D a:pog31.aa :BLOOD 0.5 

429 8-904172 2 POAc 75 .. D a:pog31.aa BLOOD 0.5 

443 8·904181 2 PbAc 75 < 0 a:pog31.da :BLOOD 0.5 

444 8-904193 2 PbAc 75 < D a:pig31 aa 'BLOOD 0.5 

408 8·904173 3 PbAe 225 < 0 a:pog31.aa :BLOOD 0.5 

410 8·904200 3 PbAc 225 .. D a:pog31.aa BLOOD 05 

426 8-904205 3 PtoAe 225 < D a:pog31.aa BLOOD 0.5 

449 8-904176 3 PI)Ac 225 < D a:J)Ig31.aa BLOOD 0.5 

455 8·904161 3 PDAc 225 .. D a:pog31.118 'BLOOD 0.5 

402 8-904201 • Murr.y Slag 75 < D a:pg31.da BLOOD 05 

40"1' 8·904208 4 Murray Slag 75 < D a:pg31.aa BLOOD 0.5 

411 8·904197 4 Murray Slag 75 .. D U:Hg31.dl BLOOO 05 

423 8·90A182 4 Murray Slag 75 ~ 0 a:Jiog31.118 BLOOD 0.5 

45C 8·904178 4 Murray Slag 75 < 0 a:pog31aa BLOOD 05 

42: 8-904166 5 Murray Slag 225 0 a:pog31.aa BLOOD 0.5 

431 8·904189 5 Mur111y Slag 225 < 0 a:pog31.11i1 81.000 0.5 

432 8-904188 5 Murray Silg 225 .. D a:pog31.aa :BLOOD 05 

440 8·904203 5 Murray Slag 225 < 0 a:pog31.dll .8LOOD 05 

446 8·904190 5 Murray Slag 225 < D a:pog31.da BLOOD as 

., 8·904175 6 MurTiy Slag 675 < D a:pog31.aa BLOOD 05 

418 8-904171 E Murray Slag 675 < 0 a:Jiog31.aa 81..000 0.5 

427 8·904162 6 Murray Soag 675 0 a:pog31.da BLOOD 0.5 

437 8-9()4174 6 Murray Sllg 675 < 0 a:oog31.aa BLOOD 0.5 

442 8·904160 6 Murray Slag 675 < 1 D a:pog31.da BLOOD 0.5 

4'£ 8·904192 10 rv 100 5 D a:pog31.aa BLOOD 5 

421 B-90420:2 10 IV 100 0 81.000 rem011ed 

424 8·904194 10 IV 100 .. D a:pog31.a. :BLOOD 05 

425 8-904157 10 IV 100 < 0 a:oog31.aa BLOOD 05 

436 8·904196 1C 1\' 100 c D a.pog31.da 81..0CD 05 

43S 8·904204 10 I\ 100 < 0 Ullg31 dl 81..000 05 

445 8-904163 10 1\ 100 < 0 UMg31.aa BLOOD 0.5 

45' 8·904183 ,~ ~ IV 100 D BLOOD removed 

417 &-90424~ contr9' 0 
a pog32.aa 4LOdD o5 

43C 8·904226 1 control D < 1 a t:~og32 da BLOOD 05 

40S 8-904246 :2 PoAc 75 1 a:pog32.aa BLOOD 05 

419 6·904237 :2 Pt>A: 75 27 a:pog32 da BLOOD 27 

429 8·904232 2 Pt>Ac 75 a pog32.ail BLOOD 05 

443 8-9042~ 2 Pt>Ac 75 a pog32 Cia BLOOD 05 

444 8-904236 2 PoAc 75 ;a pog32 aa BLOOD 05 
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sourc• ftl• MATRIX u ldl. No I 
1 ... a.pog .da BLOOD ,. 

410 8·904220 3 PbAc 225 5 a.pog32.da BLOOD 5 426 8·904217 3 PbAc 225 28 a.plg32.da BLOOD 28 .U9 8·904216 3 PbAc 225 73 a:pog32.da BLOOD 7.3 455 8·904213 3 PDAe 225 31 apog32.da BLOOD 31 402 8-904240 4 Mu~r~ySiag 75 < 1 a:plg32.da BLOOD 0.5 407 8·904223 4 MUITIY Slag 75 1 aplg32.da BLOOD 1 411 8-904231 4 MulrlySiag 75 2 nng32.da BLOOD 2 423 8-904239 4 MuiTiySiag 75 1.8 a:pog32.da BLOOD 1 8 450 8·904221 4 MUITIY Slag 75 a:pog32.da BLOOD 1 420 8-904255 5 Mu~r~ySiag 225 < 1 a:pog32.da BLOOD 0.5 431 8-904227 5 MUITiySiag 225 2.3 ung32.da BLOOD 2.3 432 8-904242 5 MuiTiySiag 225 1.3 a:pog32.da BLOOD 1.3 440 8·1104241 5 Mu~r~ySiag 225 14 a:plg32.da BLOOD 1 4 446 8·904215 5 MulrlySiag 225 < 1 a:pog32.dil BLOOD 0.5 412 8·904238 6 MUITiySiag 675 3 a:pog32.da BLOOD 3 418 8-904258 6 Mu~r~ySlag 675 7.5 a:111gl2.da .BLOOO 7.5 427 8·904224 6 MUITIYSiag 675 36 a:plg32.da BLOOD 36 437 8·904259 6 MuiTiySiag 675 44 n:ng32.da BLOOD 44 442 8-904211 6 Mu~r~ySiag 675 3 a:plg32.da BLOOD 3 415 8·904219 10 rl/ 100 6.6 a:plg32.dil BLOOD 6.6 421 8-1104222 10 rl/ 100 BLOOD ramCMtC 424 8-904253 10 rl/ 100 64 a:P!g32.da BLOOD 64 425 8·904257 10 rl/ 100 5.3 ung32.da BLOOD 53 438 8·904246 10 rl/ 100 3.9 a:plg32.da BLOOD 3.9 439 8·904225 10 rl/ 100 5.7 a.pog32.dil BLOOD 57 445 8·904210 10 rl/ 100 BLOOD rem011ec 451 8-904249 10 rl/ 100 BLOOD removed 417 i-9o:i267 1 control 0 < 1 2 ;oo poglic:Ja SLOOD 6§ 430 8·904314 1 COMrdl 0 < 1 2 apog32.d;o BLOOD 0.5 409 8-904283 2 l"bAc 75 1 2 a:r:oog32.da .BLOOD 1 419 8-904303 2 PbAc 75 4 2 a.plg32.da .8l.OOD 4 429 8-904275 2 l"bAc 75 1.9 2 a:r:o•g32.da BLOOD 19 443 8·904279 2 PbAc 75 < 1 2 a:P!g32.da :BLOOD OS ...... 8-904311 2 l"bAc 75 1.2 2 a:p•g32.da BLOOD 12 408 8·9042118 3 PbAc 225 25 2 a:Plg32.da :BLOOD 2.5 410 8·904271 3 PbAc 225 5.8 2 Ullg32.da BLOOD 58 426 8·904266 3 PDAe 225 4.8 2 a:11Jg32.da BLOOD 48 449 8-904289 3 l"bAc 225 10.5 2 a:P!II32.da .Bt.OOO 10.5 455 8·904306 3 PIIAc 225 54 2 a:IIOg32.d8 BLOOD 54 402 8·904315 4 Mu~r~ySiag 75 19 2 a:plg32.da BLOOD 1.9 407 8·904295 • Mu~r~ySiag 75 u 2 a:p~g32.da BLOOD 18 411 8·904299 4 Mu~r~ySiag 75 2.2 2 a:IIOg32.da BLOOD 22 423 8·1104273 4 MUITIY Slag 75 1.9 2 a:plg32.da BLOOD 19 450 8-904312 4 Mu~r~ySiag 75 1.2 2 a:p•g32.d;o BLOOD 12 420 8-904313 5 MurnoySiag 225 35 2 a:p1gl2.da BLOOD 35 431 8·904305 5 MUITiySiag 225 39 2 a:plg32da BLOOD 39 432 8·904297 5 Mu~r~ySiag 225 2.5 2 a:pog32.da :8LOOD 2.5 .uc 8-904310 5 MUITIY Slag 225 28 2 a:p~g32.da 8LOOO 2.8 <&46 8-904300 5 MUITiySiag 225 1.2 2 a:l)lg32da BLOOD 1.2 412 8-90.11302 6 MurnoySiag 675 54 2 a:pog32.da BLOOD 54 418 8·1104284 6 Murray Slag 675 7.6 2 a:pog32 da 8Looo 76 427 8-904268 6 Mun'lySiag 675 "" 2 a:Plg32.da BLOOD "" 437 8·1104269 6 Mu~r~y Slag 675 6 2 a·pog32.da BLOOD 6 .U2 8-904308 6 Mu~r~y Slag 675 43 2 a:P~~~32 da BLOOD 43 415 8-904301 10 N 100 8 2 a.p1gl2.da BLOOD 8 421 8-904276 10 rl/ 100 2 BLOOD ramCIYid 424 8-904281 10 N 100 76 2 a:pog32 da BLOOD 76 425 8-904292 10 rl/ 100 7.6 2 a110gl2.da BLOOD 7.6 
438 8-904309 10 rl/ 100 66 2 a:pog32.da BLOOD 6.6 
439 8-904319 10 rl/ 100 63 2 a:plg32.da :BLOOD 6.3 us 8-904282 10 N 100 2 BLOOD ramowd 451 8-904293 10 rl/ 100 2 BLOOD remC>ved 417 ll-904l34 CCiftii'OI 0 1 l a.l)lg32.da 81.000 65 
430 8-904358 1 conii'OI 0 < 1 3 a:plg32 da BLOOD 05 
409 8-904355 2 l"bAc 75 1.5 3 a·pog32.da BLOOD 1 5 
419 8-904357 2 PDAc 75 39 3 a:l)lg32.da BLOOD 39 
429 8-904346 2 PbAc 75 2.5 3 a:p•g32.da BLOOD 2.5 
443 8-904320 2 l"bAc 75 1 5 3 ill)lg32.da BLOOD 1.5 .... 8-90.11333 2 l"bAc 75 1 7 3 a:r:o•g32.dl :BLOOD 1 7 
408 8-904332 3 PtiAI: 225 <19 3 a·plg32.da BLOOD <19 
410 8-904336 3 l"bAI: 225 81 3 a:Pig32.da BLOOD 8 1 
426 8-904368 3 F>IIAc 225 53 3 a.plg32.da BLOOD 5.3 
4.119 8-904364 3 PbAc 225 10.2 3 a.r:o1gl2 aa BLOOD 102 
455 8-904335 3 PIIAc 225 58 3 a:p•g32.da BLOOD 58 
402 8-9043-40 4 Murray Slag 75 24 3 a:plg32.da BLOOD 24 
407 8-904327 4 Murray Slag 75 28 3 a.Pig32 da BLOOD 28 
411 8·904323 4 Mu1T1yS1ag 75 3 1 3 a p•g32 aa BLOOD 31 
4:3 8-904352 4 MUITIY Slag 75 26 3 ar:oog32.da BLOOD 26 
4SC 8-904372 4 Mumoy Sl;og 75 28 3 a pog32 da BLOOD 28 
42C 8-90.11349 5 Murray Slag 225 36 3 I:Pig32 dil BLOOD 36 
43'. 8-904367 5 Mumov S1ag 225 34 3 a:l)og32.aa BLOOD 34 
432 8-904339 5 MUITIY Slag 225 43 3 a.pog32.da BLOOD 43 
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i number 
MATRIX u ldL' Notes 

44 urray lag 8~000 

.us 8,904322 5 Murray Slag 225 1.3 3 BLOOO 1.3 

412 8·904351 6 Murray Slag 675 5.2 3 BLOOD 5.2 

418 8-904362 6 Mum~y Slag 675 58 3 BLOOD 5.8 . 

427 8·904359 6 Mum~ySiag 675 H 3 8~00D 48 

437 8-904366 6 MurraySIIg 675 9.2 3 BLOOD 92 

.U2 8-904373 6 Mum~y Slag 675 4.8 3 BLOOD 48 

415 8-904354 10 w 100 97 3 BLOOC 97 

421 8-110-4321 10 w 100 3 BLOOD remowd 

424 8-904370 10 w 100 6.6 3 a:plg32.Ga BLOOD 66 

425 8-904345 10 w 100 7.6 3 I:Ptg32.Ga BL.OOD 7.8 

438 8-1104328 10 w 100 7.3 3 Ullg32.Ga BLOOD 7.3 

439 8-904353 10 w 100 611 3 a:p!Q32.1111 BLOOD 68 

445 8-904348 10 w 100 3 BLOOD ~ 

451 8-9043115 10 w 100 3 BLOOD remowd 

4H a-li00i•47 1 con110l 6 1 g a:ptg32.oa Btooo 6.5 

430 8-904417 1 con!IOI 0 < ,. 5 l:l)lg32.Ga 8LOOD 0.5 

409 B-104-421 2 Pbllc 75 2A 5 a:ptg32.1111 81.000 H 

419 8·904440 2 PDAc 75 56 5 l:l)lg32.oa BLOOD 56 

G9 8-904420 2 PI:IAC 75 31 5 a:ptg32.da :BLOOD 3.1 

«3 8-104-409 2 PDAc 75 2 5 a:pig32.Ga 8LOOD 2 

.... 8-IIOAU-4 2 PI:IAC 75 21 5 a:ptg32.da 8LOOD 21 

408 8-904426 3 PbAc 225 45 5 Ullg32.Ga BLOOD 4.5 

•10 8·904435 3 PDAc 225 H 5 a:pg32.1111 :BLOOD 7• 

428 8-904423 3 PbAc 225 8 5 Ultg32.da BLOOD 8 

449 8·104-422 3 PI:IAC 225 13.1 5 a:pg321111 .BLOOD 131 

455 8-904393 3 PDAc 225 7 5 a:ptg32.da 81.000 7 

402 8·904434 4 Mum~ySlag 75 1.9 5 a:l)lg32.oa BLOOD 1.9 

407 8-904427 4 Mun3y Slag 75 33 5 Ultg32da BLOOD 33 

411 8·904407 4 Murray Slag 75 31 5 a:ptg32.da BLOOD 31 

423 8·904384 4 MumySIBg 75 26 5 a:l)lg32.da 8LOOD 2.6 

450 8-904•10 • MumySIIg 75 2.9 5 a:ptg32.da .BLOOD 2.9 

•2(, 8-904400 5 Murray Slag 225 3.9 5 a:p•g32.da BLOOD 3.9 

431 8-90<1425 5 Mum~ySiag 225 .. 5 l:l)lg32.GI 81.000 44 

432 8·904398 5 MUinlySiag 225 51 5 a:ptg32.1111 BLOOD 51 

440 8-904436 5 MUinly Slag 225 41 5 a:l)lg32.1111 BLOOO 41 

.U6 8·9043119 5 MurraySIIg 225 1.6 5 a:JIID32.da BLOOD 1.6 

412 8-904430 6 Murrey Slag 675 6.2 5 l:ptg32.da BLOOD 6.2 

418 8-904429 6 Mum~y Slag 675 77 5 l:ptg32.dl BLOOD 77 

•27 8-90441.4 8 MumySIIg 675 81 5 I:IHSI32.Ga BLOOO 81 

437 8-904424 6 Murray Slag 675 97 5 I:J111132.dl .81.000 97 

••2 8·904397 6 MurraySIIg 675 5.9 5 I:Pig32.GI BLOOD 59 

.15 8·90U46 10 w 100 a• 5 a:ptg32.GI BLOOD 84 

421 8-90oU04 10 w 100 5 81.000 remowd 

•24 8·904413 10 w 100 5 BLOOD l'lmowd 

425 8-904411 10 w 100 87 5 a:ptg32.dl BLOOD 87 

438 8·904433 10 w 100 8.2 5 a:ptg32.Qa 81.000 8.2 

439 8-904442 10 w 100 8.5 5 a:pg32.da :BLOOD 8.5 

•45 8·904439 10 w 100 5 81.000 ramov.G 

451 8-904403 10 w 100 5 BLOOD removed 

417 8-904481 1 con1101 0 1 7 iiPtglS.Oil 81..066 05 

430 8-904456 1 con!IOI 0 < 1 7 I'JIIII35.da BL.OOD 0.5 

409 8·90oU85 2 PttAc 75 34 7 Ullg35.da BLOOD 34 

4119 8-904411~ 2 PbAc 75 66 7 a:ptg35.da BLOOD 66 

~29 8-904453 2 PI:IAC 75 5, 7 a:ptg35Ga BL.OOD 51 

443 8-904452 2 F'bllc 75 25 7 a.ptg35oa &OOD 25 

444 8·110"'449 2 PbAc 75 34 7 a:ptg35.da BL.OOD 34 

408 8-90U54 3 PI:IAC 225 89 7 a:Pig35da BL.OOD 89 

410 8-904458 3 F'bllc 225 117 7 a:ptg35.da &OOD 97 

426 8·904451 3 PDAc 225 811 7 a:ptg35.da BLOOD 89 

449 8-904502 3 PbAc 225 15.6 7 a:pog35.da IILOOD 156 

455 8·904450 3 PbAc 225 
,. 7 I:IIIIJ35.da BLOOD 74 

40:< 8-904459 4 MUI'1'llySIIQ 75 26 7 1:111935.01 BI.OOD 2.6 

407 8-110"'486 4 Murray Sllg 75 • 7 a:p•g35.oa BL.OOD • ., 8-904462 • Mul'1'lly S11g 75 ··1 7 a:11193S.da BLOOD 41 

423 8·904476 ~ MumySiag 75 2.3 7 a:Ptg35.GI BLOOD 23 

450 8·904482 4 Mul'1'llyStag 75 27 7 a:ptg35.da BLOOD 27 

420 8-904•87 5 MUI'1'liY Slag 225 62 7 IIIIIJ35.di1 BL.OOD 6.2 

431 8-904465 5 Murrey Slag 225 56 7 a:pog35.1111 BLOOD 5.6 

432 8-904500 5 MUI'1'llySIIIg 225 53 7 a·ptg35.di1 BLOOD 53 

440 8·904455 5 Murray Slag 225 49 7 •:ptg35.da BLOOD 49 

•4& 8·110"'472 5 MUI'1'llySiag 225 38 7 a·ptg35.1111 BLOOD 38 

412 8-904471 6 MumySIIg 675 8.9 7 a:ptg35.CII BLOOD 89 

418 8·904498 6 Murrey Sllg 675 8 7 a;ptg35.GI BLOOD 8 

427 8-904480 6 MlllniY Sli!g 675 8 7 a:ptg35.da BLOOD 8 

437 8·904468 6 MumySiag 675 96 7 •:ptg35 ell BLOOD 96 

442 8·904492 6 MUI'1'lly Slag 675 8 7 a:ptg35.GI BLOOD 8 

415 8-904464 10 IV 100 7 Sl.OOD removed 

4~4 8-904495 1C w 100 7 B~OOO removad 

424 8-904501 1C rv 100 1 B~OOO ••moved 

425 8-904479 10 IV 100 89 7 ;rptg35 Qa BL.OOD 89 

43S 8·904494 10 rv 100 93 7 a p.g35 cia Bl.-000 93 

439 6-904473 1C w 100 93 7 a·ptg35 oa BLOOD 93 

A-12 



nu111btr 
IOUfl:e file MATRIX u /dL' Notes 

..... 
BLOOD remove.:~ 

<t51 6-904496 100 7 BLOOD remove.:! 
417 8-9045ts 1 control 0 9 a ptgl4a;a a~ coo 05 .30 6-904552 1 contra! 0 < 1 9 a:p•g34.da BLOOD 05 
409 6-904542 2 PbAI; 75 49 9 a:J;ug34 di BLOOD 4.9 
•19 8-904530 2 F>bAI: 75 9.3 9 a:ptg34.aa Si.OOD 93 
429 8·904520 2 PbAI: 75 56 9 a·ptg34.di 81.000 5.6 
.t43 6-904517 2 PbAI: 75 35 9 aptg34.da BLOOD 35 
...... 8-904553 2 PbAI: 75 .... 9 a:p•g34aa BLOOD ..... 408 8-904503 3 PbAI; :225 9.2 9 a:p•g34da BlOOD 92 
•to 8-904529 3 PbAI; 225 9 9 I.Ptg34.di BLOOD 9 
426 8-904507 3 PbAI: 225 8.2 9 a:ptg34.aa BLOOD 8.2 
.t49 6-904506 3 PbAc: 225 12.6 9 a:P!g34_oa BlOOD 126 
•ss S.SIM511 3 PbAc: 225 7.9 9 e:ptg34.aa BLOOD 7.9 
402 8-904513 • MurrayS'-g 75 3.3 9 a:J)Ig34.d• 81.000 3.3 
•o1 &.904523 .. Murray Slag 75 5.3 9 a:ptg34.da .BLOOD 5.3 
.,1 a.so.soa • Murray Slag 75 5.3 9 a:pig34 oa 8LOOD 53 
<t23 8-904~ .. Murray Slag 75 3 9 a:p•g34.da BLOOD 3 
•so 8-904534 4 Murray Slag 75 .. 9 uxg34.da 8LOOD 4 
<t20 8-904551 5 Murray Slag 225 6• 9 a:ptg34.oa :SI.OOD 64 
431 &.904536 5 Murray Slag 225 7.2 9 a:ptg34.aa BLOOD 7.2 
.32 6-904549 5 Murray Slag :225 86 9 a:ptg34.da BLOOD 6.6 
•4o 8-90455& 5 Murray Slag 225 5.2 9 a:p•g34oa 81.000 5.2· 
.t46 6-904510 5 Mu1111ySiag 225 4.5 9 a:ptg34.da 8LOOD 4.5 
412 8-904555 6 Murray Slag 675 10.7 9 a:Ptg34.aa et.OOD 107 
418 8·9045U 6 Murray Slag 675 9 9 a:ptg34 Cia BLOOD 9 
427 S.IIIM512 6 Murray Slag 875 7.9 9 a:p•g34.aa BLOOD 79 
437 &.1104554 6 Murray Slag 675 11.1 9 I:Pig34.aa BLOOD 111 
.t42 8-1104504 6 Murray Slag 675 85 9 a·ptg34 Cia BLOOD 85 
415 S.!IIM550 10 IV 100 9 BLOOD removed 
421 8·90•526 10 IV 100 9 BLOOD remCMid 
424 8·904522 10 IV 100 9 SI.OOD removed 
.:Z5 8-904527 10 IV 100 10.51 9 a:J)Ig34cla BLOOD 10.9 
438 8·904531 10 IV 100 11.3 9 a:ptg34 aa BLOOD 11.3 
439 8-904538 10 IV 100 11.5 9 a:J)Ig34.aa BLOOD 11.5 
.t45 8-904535 10 IV 100 9 BLOOD removed 
•51 6-904540 10 IV 100 9 BLOOD remOI!ed 
417 &.964612 control 0 < 1 12 a:Ptg38.aa BLOOD os 430 8-904574 1 contra) 0 < 1 12 a:Pig38.da BlOOD 0.5 
•09 &.904579 2 PbAc: 75 5.3 12 l'plg38.da 8LOOO 53 
419 8-904563 2 F>bAc 75 8.8 12 a:l)lg38.Cia BLOOO 8.8 
•29 8-904591 2 PbAI: 75 6.2 12 a:ptg38aa SLOOO 6.2 
.t43 8-904599 2 PbAI; 75 .. 12 a:p~g38.Cia BLOOD .. U4 8-904593 2 F>bAI; 75 47 12 a:ptg38.oa SLOOO 47 
•oe 8·904606 3 PbAI; 225 , .. 12 a:p1g38.di BLOOO 1U 
410 8-904564 3 PbAI; 225 11.7 12 I:PIQ38.da BLOOO 11.7 
-426 8·904576 3 F>bAc: 225 7.8 12 l:ptg38.da SLOOO 7.8 
449 8-904570 3 PbAe 225 1-4.7 12 a:~~tg38.oa ·BLOOD 147 
•55 8·904594 3 PbAc: 225 7.9 12 UIIQ38.da BLOOD 7.9 
402 8-904611 4 MurntySiag 75 u 12 l:ptg38.da BLOOD 4.8 
CO? 8·90•609 "' Murray Slag 75 5 12 a:J)Ig38.da :BLOOD 5 
411 8-904601 4 Murray Slag 75 5.8 12 a:Ptg38.da BLOOD 5.8 
42J 8-5104598 

"' MuiTIIySJig 75 3_6 12 I:Plg38.da BLOOD 36 
450 8·904573 4 MUI'TllySJag 75 u 12 a:~~tg38.da BLOOO •9 
420 8-904587 5 Murray Slag 225 6.3 12 e:Ptg38_oa BLOOD 6_3 
431 8-904562 5 MUI'TllySJag 225 6.3 12 a.ptg38 aa BLOOD 63 
432 6-904590 5 Murray Slag 225 81 12 a:~~tg38.aa BLOOD 81 
<ii4C 8·904602 5 Mui'TllyStag 225 81 12 a:ptg38.da BLOOO 61 ••s 8-904600 5 Murray Slag 225 ... 9 12 I:PIQ38.Cia BLOOD .. 9 
4~2 8·904560 6 Mui'Tlly Slag 675 12 12 l:lllg38_CI;a BLOOO 12 
418 8·904565 6 Murray Slag 675 97 12 UIIQ38Cia BLOOD 97 
427 8-90<11586 6 Murray Slag 675 99 12 a:PIQ38.aa BLOOD 99 
437 8·904585 6 Murnty Slag 675 117 12 a.ptg38.aa BLOOD 11 7 
442 8-904605 8 Mui'TllySiag 875 10.5 12 a;ptg38.da BLOOO 10.5 
415 8-904558 10 IV 100 12 BLOOD r•mOIIIICI 
421 8-904572 10 IV 100 12 81.000 remowt:l 
<1124 8·904582 10 IV 100 12 BLOOO rernO\IIICI 
425 8·904592 10 IV 100 105 12 a·Ptg38.aa BLOOD 10.5 C38 8-904566 10 IV 100 1U 12 1:11lg3B.Cia BLOOD 11 4 439 8-904580 10 IV 100 12.8 12 a ptg38.aa BLOOD 12.8 C45 8-904607 10 IV 100 12 BLOOD remO\IIICI 
451 8-90<11608 10 IV 100 12 BLOOO removed 
4" 6·9il<ils5o CO"IrOt 0 IS aptg§i_a., BLOOc 0.5 430 8·904634 , 

CO" ITO I 0 1 15 a:ptg38.Cia BLOOO 05 409 8-904619 2 PIIAc 75 4.3 15 a:cug38.da aooo 43 419 a-904656 2 PIIAc 75 82 15 a·p•g3B.Cia m.ooo 82 429 8·904661 2 PbAc 75 6 15 a:ptg38 Cia 81.000 6 443 8-904624 2 PIIAc 75 <115 15 a Ptg38 aa BLCOO •s 444 8-904636 2 P~~Ac 75 5.2 15 a P'Q3B da 81.000 52 408 8-904647 3 PoAc 225 95 15 a Ptg38 aa BlOOD 95 41C 8·904641 3 PI:>A; 225 128 15 a·~:>rg38 Cia Sl.OOC 128 426 8-904626 3 PbAI; 225 8 1 15 a Prg3B.Cia BLOCC 8 1 
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matert1l •dmlnlst-red uiL source file MATRIX 

!lAc 1. 1 il.l)lg dl BL.OOO 11. 

45~ 8-Q0-4667 3 Pt!Ac 225 8-' 15 a:p•g38 da &1..000 8-' 

A02 8-9Q.t617 4 Mul'l'8y Slag 75 •. 3 15 a:p1gl8da BLOOD 43 

407 8-904621 4 Munay Slag 75 1 - 15 a·p•g38.da BL.OOO 0.5 

411 8-904&40 4 Mun11y Slag 75 6 15 a:p1gl8.da BLOOD 6 

423 8-9Q.t632 • Mu1'1'8ySIIg 75 3.8 15 a:p1gl8 da BLOOD 38 

•so 8-904615 .. MunaySiag 75 6.2 15 a:p•g38.da BL.OOD 6.2 

420 8-904662 5 Mun11y Sllg 225 79 15 ,;p1gl8da &1..000 7.9 

431 8-9Q.tl"-' 5 Murray Slag 225 H 15 Ullg38.dl BLOOD 7'• 

432 8-904622 5 Murray Sllg 225 7.9 15 a:p1gl8.Cia BL.OOD 7.9 

4<10 8-S0..666 5 MurTay Slag 225 5.9 15 a:plg38.Cia BL.OOD 5.9 

4<16 8-904630 5 Murray Slag 225 & 15 a:r:ug38.Cia BLOOD 6 

412 8-S0..658 & MurrayS.g 675 8.5 15 l:lllg38.dl &L.OOD 9.5 

416 8-1104638 6 MurraySIIg 675 9.5 15 a:oog38.Cia &1..000 9.5 

427 8-904655 6 MurTayStag 675 95 15 l:lllg38. ell BlOOD 95 

437 B-IOA631 6 Murray Slag 675 10. 15 a·oog38.Cia 111.000 10' 

4<12 8-1104646 6 Mul'l'8y511g 675 103 15 a:p1gl8.Cia 111.000 10.3 

415 8-1104613 10 w 100 15 111.000 ra....-CI 

421 8-1104637 10 w 100 15 BlOOD ,.~ 

424 8-IOA659 10 w 100 15 BLOOD fiiiiCIIIIICI 

A25 8-1104857 10 w 100 10.7 15 a:oog38oa 8l000 10 7 

438 8-1104626 10 w 100 11 15 a:p.g38.Cia 81.000 11 

439 8-Q0-4642 10 w 100 13.6 15 l:plg38.Cia BLOOD 13.6 

us 8-1104629 10 w 100 15 BLOOD tei'TIOWCI 

451 8-904614 10 w 100 15 BLOOD remCMICI 

• Non-dttec!S evaiUI!ed us•ng 1121111 quanlltallon limit llbol"'lllry ra&uiiS (u;/l) conwrted to concentrlllon '" blood (ugldl) by dMdlng IIV dilution factor of 1 dUL. 

'I 

1
: 

. ' 

·\! \I 

:I 

l 
'! 
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TABLE A-4 BLOOD LEAD OUTLIERS 

PbAc 
PbAc 

. PbAc 

IV 
IV 
IV 
IV 
IV 

Flagged Data Po1n!S 
,....---....,Outloers 

225 
225 
225 

225.27 
21042 
218.01 

961_4 
105-'2 
10219 

2 
2 
2 

3 
3 
3 

419 
429 
443 

410 
426 
4-'9 

• Average Time and W•IDIIt-Adjustad Do .. for Each "'• 

llllU I rr. Animal removed from study 

Swme Study Pnase II Exp -' 

05 0.5 
0.5 o·5 
05 05 

0.5 05 5 
0.5 OS 2.8 
0.5 OS 7.3 

A-15 

5.6 6.6 9.3 a.s 
31 51 5.6 6.2 

2 2.5 3.5 .. 

5.8 81 74 9.7 9 11.7 
48 53 8 89 82 7.8 

10.5 10.2 ·13.1 15.6 12.6 14 7 
7 



SWine Study Phase II Exp 4 

TABLE A-5 RATIONALE FOR OUTLIER DECISIONS - PBB BY DAY 

Plg#407 
Group 4 
Cay 15 

Value was below the detectiOn llm1t an day 15 af the study. ThiS is unexpected when compared ta the 
individual animals dose-response time trend, and is considered anomalous. This value has been excluded 

and was interpolated ta a value af 4.7 

A-16 



1 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
10 
10 
10 
10 
10 
10 
10 
10 

Swine Study Phase II Exp 4 

TABLE A-6 Area Under Curve Determinations 

Calculated using interpolated values for excluded data as noted in Table A-5 

419 
429 
443 
444 
408 
410 
426 
449 
455 
402 
407 
411 
423 
450 
420 
431 
432 
440 
446 
412 
418 
427 
437 
442 
415 
421 
424 
425 
438 
439 
445 
451 

0-1 

0.50 
0.50 
0.50 
1.60 
0.50 
0.50 
0.50 
0.95 
2.75 
1.65 
3.90 
1.80 
0.50 
0.75 
1.25 
1.15 
0.75 
0.50 
1.40 
0.90 
0.95 
0.50 
1.75 
4.00 
2.05 
2.45 
1.75 

2.90 
2.20 
3.10 

1-2 
·o.50 
0.50 
0.75 
3.35 
1.20 
0.50 
0.85 
1.95 
5.40 
3.80 
8.90 
4.25 
1.20 
1.40 
2.10 
1.85 
1.10 
2.00 
3.10 
1.90 
2.10 
0.85 . 
4.20 
7.55 
4.00 
5.20 
3.65 

6.45 
5.25 
6.00 

2-3 
0.50 
0.50 
1.25 
3.95 
2.20 
1.00 
1.45 
3.70 
6.95 
5.05 
10.35 
5.60 
2.15 
2.30 
2.65 
2.25 
2.00 
3.55 
3.65 
3.40 
3.20 
1.25 
5.30 
6.70 
4.60 
7.60 
4.55 

7.60 
6.95 
6.55 

removed from study 

3-5 
1.00 
1.00 
3.90 
9.50 
5.60 
3.50 
3.80 
9.40 
15.50 
13.30 
23.30 
12.80 
4.30 
6.10 
6.20 
5.20 
5.70 
7.50 
7.80 
9.40 
7.70 
2.90 

11.40 
13.50 
12.90 
18.90 
10.70 

16.30 
15.50 
15.30 

5-7 

1.00 
1.00 
5.80 
12.20 
8.20 
4.50 
5.50 
13.40 
17.10 
16.90 
28.70 
14.40 
4.50 
7.30 
7.20 
4.90 
5.60 

10.10 
10.00 
10.40 
9.00 
5.40 

15.10 
15.70 
16.10 
19.30 
13.90 

17.60 
17.50 
17.80 

7-9 
1.00 
1.00 
8.30 
15.90 
10.70 
6.00 
7.80 

18.10 
18.70 
17.10 
28.20 
15.30 
5.90 
9.30 
9.40 
5.30 
6.70 
12.60 
12.80 
11.90 
10.10 
8.30 
19.60 
17.00 
15.90 
20.70 
16.50 

19.80 
20.60 
20.80 
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9-12 
1.50 
1.50 

15.30 
27.15 
17.70 
11.25 
13.65 
30.90 
31.05 
24.00 
40.95 
23.70 
12.15 
15.45 
16.65 
9.90 
13.35 
19.05 
20.25 
22.05 
16.95 
14.10 
34.05 
28.05 
26.70 
34.20 
28.50 

32.10 
34.05 
36.45 

12-15 
1.50 
1.50 

14.40 
25.50 
18.30 
12.75 
14.85 
31.35 
36.75 
23.85 
39.60 
24.45 
13.65 
14.55 
17.70 
11.10 
16.65 
21.30 
20.55 
24.00 
18.00 
16.35 
32.25 
28.80 
29.10 
33.15 
31.20 

31.80 
33.60 
39.60 

AUCTo 
u /dL-da 

7.50 
7.50 

50.20 
99.15 
64.40 
40.00 
48.40 

109.75 
134.20 
105.65 
183.90 
102.30 
44.35 
57.15 
63.15 
41.65 
51.85 
76.60 
79.55 
83.95 
68.00 
49.65 
123.65 
121.30 
, 11.35 
141.50 
110.75 

134.55 
135.65 
145.60 
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TABLE A· 7 TISSUE LEAD DATA 

F'HASE II EXF'ERIMENT .4 (Data not shown lor groups 7, 8. & 9) 

Lab mutt AdjulllltCIValue 

.. m le mllterlal adm In I sterad dosa • source file MATRIX Notes 

8-90.4 2 con11'ol 0 15 a:prg34.oa F UR 

8-904847 control 0 15 Ullg34.da FEMUR 

8-904815 F'I:!Ac 75 15 FEMUR 

8-90485.4 PbAc 75 14 3 15 a:CMg34.oa FeMUR 715 

8-904852 PDAc 75 11 7 15 a:p~gl-4.01 FEMUR 5.85 

8-904830 PbAc 75 10 8 15 a:Pig34.0. FEMUR 54 

8-904831 PbAc 75 12.3 15 a:prglo'.Ciil FEMUR 615 

8-904824 F'bAc 225 28.9 15 a:pog34.Cia FEMUR 14 45 

8-90.4838 PbAc 225 15 FEMUR S.mQie Li* 

8-904816 PbAc 225 15 FEMUR Silmole Lost 

8-;o4886 PDAc 225 43.2 15 a:pf1134.11a FEMUR 216 

8-904820 F'bAc 225 37.9 15 a:pf1134.da FEMUR 1U5 

8-904853 Murray Slag 75 13 15 a:Pf1134.11a FEMUR 65 

8-904821 Murray Slag 75 131 15 a:plg34.da FEMUR 6 55 

411 8-904863 .4 Murray Slag 75 14 7 15 a:Pig34.Cia FEMUR 7.35 

423 8-904846 4 Murray Slag 75 7.7 15 I;Pf1134.0il FEMUR 385 

450 8-904822 4 Murray Slag 75 9.6 15 a:prg34.0. FEMUR u 

420 8-904814 5 Murray Slag 225 184 15 a:prg34.oa FEMUR 9.2 

431 8-1104827 5 MumaySiag 225 14.2 15 a:prg3-4.11a FEMUR 71 

432 8-904835 5 Murray Slag 225 15 FEMUR S.mpre Last 

440 8-1104836 5 Murray Slag 225 14.3 15 a:pig34.1111 FEMUR 715 

446 8-1104856 5 MurrayS"g 225 11.2 15 a:prg34.01 FEMUR 56 

412 8-904813 6 Murray Slag 675 38 15 a:111g34 oa FEMUR 19 

418 8-1104839 8 Murray Slag 875 2U 15 a;prg34.el;a FEMUR 122 

427 8-904U9 6 Murray Slag 675 27.2 15 •. Pf1134.111 FEMUR 136 

437 8-904865 8 MumayStlg 875 284 15 •:Pig34.ela FEMUR 13.2 

4.42 8-i041132 6 Murray Slag 675 201 15 a:prg34.ela FEMUR 10.05 

415 8-904629 10 IV 100 15 FeMUR remoYeel 

421 8-904817 10 IV 100 15 FeMUR remov.<:t 

424 8-904855 10 II/ 100 15 FEMUR ramavea 

425 8·904U4 10 IV 100 965 15 I:Pfll34.0. FeMUR 48.25 

438 8-904828 10 II/ 100 935 15 a: CMg34.oa FEttCUR 46.75 

439 8-904828 10 IV 100 110 15 a:pog34.11a FEMUR 55 

445 8-904834 10 II/ 100 15 FEMUR remoYeel 

451 8-904859 10 IV 100 15 F!:MUR removed 

417 8-9&787 1 control 6 1.5 ls a.prg32.1111 KlfWEY 1S 

430 8-904781 1 contnol 0 11-4 15 a:pog32.dl I<1DNEY 114 

409 8-904783 2 PbAc 75 228 15 a:p~g32.oa KIDNEY 228 

419 8-904762 2 PDAc 75 25 15 a:prg32.111 KIDNEY 250 

429 8-904776 2 PbAc 75 227 15 a.J)Ig32.oa KIDNEY 227 

443 8-904803 2 PDAc 75 23.2 15 a:pog32.111 :KIDNEY 232 

4U 8-904793 2 PDAc 75 22.4 15 a:ptQ32.oa KIDNEY 224 

408 8-904797 3 F'bAc 225 121 15 l:pog32.dl ·lOONEY 1210 

410 8-904809 3 PDAc 225 122 15 8:11111321111 KIDNEY 1220 

426 8-904782 3 PDAc 225 37.5 15 a:prg32.11a KIDNEY 375 

449 8-904804 3 PDAc 225 124 15 ·a:prg32.oa KIDNEY 1240 

·~~ 8-904775 3 PI:!Ac 225 73 15 a:pog32.111 KIDNEY 730. 

io2 8-904778 4 Murray Slag 75 211 15 a:pog32.11a KIDNEY 211 

<107 8·9047U 4 Murray Slag 75 20.4 15 a:pog32.11a KIDNEY 204 

411 8-904794 4 Murray Sla; 75 234 15 a:prg32.oa KIDNEY 234 

423 8-904799 4 Murray Slag 75 12.5 15 a:Pf1132.oa KIDNEY 125 

450 8-904780 4 Murray s~a; 75 17.9 15 a:0og32.ela KIDNEY 179 

420 8-904770 5 MurqySIIg 225 29.6 15 a·pog32.ela I(IONEY 296 

431 8-904798 5 Murray Slag 225 249 15 a:prg32.dl KIDNEY 2411 

43:< 8-904774 5 Murray Slag 225 38 15 a:CMg32.111 KIDNEY 3&0 

•4o 8·904800 5 Mumay Slag 225 31.3 15 a: 1)1032. ell KIDNEY 313 

446 8-904802 5 Murray Slag 225 237 15 a:CMg32.o• :KIDNEY 237 

412 8-904790 6 Murray Slag 675 534 15 a:Pig32.oa ·ICIONEY 534 

.ol18 8-904760 6 Mumay S"g 675 61 15 a:pog32.111 KIDNEY 610 

427 8-904766 6 Murray Slllg 675 47.3 15 a:pog32.a. t(IONEY 473 

437 8-904758 6 Mumay Slat;: 675 9Ui 15 a:pog32.da KIDNEY 915 

442 6-904792 6 Murrily Slag 675 435 15 aprg32.da KIDNEY 435 

415 8-904795 10 IV 100 15 KIDNEY removed 

421 8-904767 10 IV 100 15 !(lONEY ramov.d 

424 8·904788 1C IV 100 15 KIDNEY removed 

425 8-904810 10 IV 100 156 15 a:corg32.oa KIDNEY 1560 

43e 8-904801 1C IV 100 148 15 I Olg32.eli1 KIDNEY 1480 

439 8-904806 10 IV 100 133 15 a:prg3211a K1DNEY 1330 

.ol45 8-904777 10- IV 100 15 K.IONEY removed 

451 8-90476-1 1C IV 100 15 1(10NEY re.,oved 

4"4 6·9J473:, c:ontr01 6 36 15 a.prg32.da LIVER 36 

430 8-904':'5C control 0 104 15 il prg32 diJ LIVER 104 

409 8-904736 Po A.:: 75 106 15 a.0rg32.da LIVER 106 

419 6-90474' PDAC 75 18 7 15 a·prg32 aa UY£R 187 

42'E> 8·90H17 ~ PQA,:: 75 209 15 a:pog32.ela LIVER 20S . 
443 6-904716 2 PDAe 75 136 15 1 tng32.aa LIVER 136 

444 8-904757 2 PDA.:: 75 14 5 15 a:prg32.rJll LIVER 145 
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MATRIX Nates 
il.plg .aa LIVER 410 8-904709 3 PbAc 225 72 15 a:p•g32.aa LIVER 720 426 8-904744 3 PbAc 225 48 15 ii.Pig32.da LIVER 480 AA9 8-904749 3 PbAc 225 111 15 a:p•g32 Oil LIVER 1110 455 8-904719 3 PbAc 225 94.5 15 il:pig32.dil LIVER 945 402 8-904731 • MuiTlllySiag 75 15.9 15 a:pig32.aa LIVER 159 •o1 8-904737 • MuiTlllySiag 75 21.3 Hi a·p•g32.aa LIVER 213 "11 8-904718. 4 Mul'lllly Slag 75 209 15 a:pig32.aa LIVER 209 423 8-904733 A Mul'lllly Slag 75 106 15 a:p•g32.aa LIVER 106 450 8-904729 

"' MuiTlllySiag 75 23.5 15 I:I)Jg32.dil LIVER 235 420 8-904710 5 MuiTlllySlag 225 32.2 15 a:p1gJ2.dl LIVER 322 431 8-904727 5 MuiTIIySiag 225 34.6 15 a:I)Jg32.aa UVER 348 .432 8-904752 5 Mui'TIIy Slag 225 38.5 15 a.p•g32.da LIVER 385 440 8-904747 5 MuiTIIySiag 225 18.2 15 II)Jg32.dl LIVER 182 446 8-904726 5 MurraySiilg 225 16.5 15 I:I)Jg32.da LIVER 165 "12 8-904715 6 MuiTIIySlag 675 78 15 a:p•g32 da LIVER 780 418 6-9047.t6 6 MUITliiYSiilg 675 48 7 15 a:Pig32.da LIVER 487 •27 8-904714 6 Murray Slag 675 75 15 a:p~g32.da LIVER 750 437 8-904705 6 MuiTIIySiag 675 503 15 a:l)lg32.da LillER 503 442 8-904704 6 MuiTlllySiag 675 26.7 15 a:I)Jg32.aa LIVER 267 415 8·904739 10 N 100 15 LIVER rem~ 421 8-904721 10 IV 100 15 LIVER ramoved 42.4 8-904740 10 IV 100 15 LIVER ramovea 425 8-904753 10 IV 100 188 15 a:p•g32.da LIVER 1880 .38 6-904728 10 IV 100 175 15 Ullg32.dil LIVER 1750 439 8-904742 10 IV 100 128 15 a:p•g32.da LIVER 1280 ••s 8-904756 10 N 100 15 LIVER removed 451 8-904723 10 IV 100 15 LIVER r•moveo 

• Non-aatec15 IYIIIUated us•ng 112111• ouan1rta11an limit laiXIratary result$ (ug/L) canvaned 111 bssua concen1ra11ans by dMd1ng by umple d1IU1Jon factors at o 1 kg/l (liver. k1anay) or 2 giL (asn.a banal F1n11 unns ara ug Pblkg wet we1gnt (liVer, kidney) or ug Pblg unld IXIna (femur) 
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TABLE A-8 SUMMARY OF ENDPOINT OUTLIERS 

test 

material 

control 

control 

F"bAc 

PbAc 

PbAc 

PbAc 

PbAc 

PbAc 

PbAc 

PbAc 

PbAc 

PbAc 

Murray Slag 

MurraySIIIg 

Murray Slag 

MurraySIIIg 

Murra Sla 

Murray Slag 

MurraySIIIg 

Murray Slag 

Murray Slag 

Murra s .. 
Murray Slag 

Murray Slag 

Murray Slag 

Murray Slag 

Murray Slag 

IV 
IV 

IV 

IV 

IV 

IV 

IV 
IV 

I Selected Outliers 

m~~-iAnimal removed from study 

target Actual 

doaage Doae• group I tl 

0 0.00 1 417 

0 0.00 1 430 

75 69.41 2 409 

75 69.94 2 411 

75 75.03 2 421 

75 85.24 2 443 

7!5 112.79 2 444 

225 222.37 3 408 

225 225.27 3 410 

225 210.42 3 421 

225 2111.01 3 441 

225 201.73 3 455 

75 68.14 4 402 

75 113.32 4 407 

75 67.25 4 411 

75 116.45 4 423 

75 77.06 4 450 

225 213.88 5 420 

225 208.40 5 431 

225 284.31 5 432 

225 208.25 5 440 

225 239.43 5 441 

675 834.08 6 412 

675 571.39 6 418 

67!5 686.38 6 427 

675 632.73 6 437 

675 647.56 6 442 

100 10 415 

100 10 421 

100 10 424 

100 96.14 10 425 

100 105.42 10 438 

100 102.19 10 439 

100 10 445 

100 10 451 

Blood 

7.5 
7.5 

50.2 
99.15 
64.4 
40 

48.4 
109.75 
134.2 
105.85 
183.9 
102.3 
44.35 

57.15 
63.15 
41.65 
51.85 
76.6 

79.55 
83.95 

68 
49.65 
123.65 
121.3 
111.35 

141.5 

. 134.55 
135.85 
145.6 

a a prion· outlier detarminations (none in this study) 

b Outs1de 95% Pred1ctton Intervals 
c M1ss1ng data explained in Table A-7 

MEASUREMENT ENDPOINT 

Femur 

0.25 
0.6 

Missing c 

7.15 
5.85 
5.4 

6.15 
14.45 

Mining 

Missing 

21.6 
18.95 
6.5 
6.55 
7.35 
3.85 
4.8 
9.2 
7.1 

Mining 

7.15 
5.6 
19 

12.2 
13.6 

13.2 

48.25 
46.75 

55 
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c 
c 

c 

Liver 

36 
104 . 

106 
187 
209 
136 
145 

1050 
no 
480 
1110 
945 
159 
213 
209 
106 
235 
322 
346 
385 
182 
165 
780 
487 
750 

503 

1880 
1750 
1280 

I : 

114 
228 
250 
227 
232 
224 
1210 
1220 
375 
1240 
730 
211 
204 
234 
125 
179 
296 
249 
360 
313 
237 
534 
610 
473 

915 

1!60 
1480 
1330 

lb 



TABLE A·9 CALCULATION OF RBA FOR MURRAY SLAG 

1 ,.., 1 .... Dt' •••-~ tt ,.,..,...., Itt &lltd •o ... .,...,. b'l ,...,., .....,. ••• ,. • .,.., ::z Wior ••eft ,.._.. ~tCII . .,.. -.. Df' R•f~• ,...ttnllwh~ ._.. ,..,. .,.._..,..,...,... •• caaatef 3 n. ,.... rr1 111e -•• oa...., .. ,.,. -•• IIIlA (llol Do ... /Toal Doe• I 

CWWFMI'ttO_.,. 

,_ ___ , 
-• • • • -• • • • 

- ·--1.n • 
0 • 173.71 < 

0.00$1 • 
looo 

7.T1 • 
D t 

111.2 • 00041 d 

DoN II.__ 
22.5 o ......... 

IIU !loot lool 

....... 11-.y - -0.511 • , • 0.0107 • 3.71 t 
0 c 0 • 0 • D • 

lool• ""' 0.111 • , • D t 0 t 
1417 • 7U7 < 
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DoNIIo ... -
17.37 ~II... 1.275 DoN-
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liD 370 100 ,, 1503) 001 
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410 •oo 10315 15712 0311 
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DoN II __ , 

113.5 Dno-
1240 DoN loll 
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41.74 

~· 

R•• SOli Dooo_Ko.,.•IIIIA 
twl2 lUI o .. 

101tw 21.57 043 
120.11 21.41 042 
140.31 2f11 002 
155.31 U.ll 0., 
11171 3110 040 
113.H 3141 0.31 
117.05 42.11 o.n 
2DU3 4S.tw 0.31 
222.32 41.58 0.37 
234.25 51.43 0.37 
20$.70 6011 0.31 
251.10 511'1 0.35 
217.40 51.32 0.3~ 
2T1.11 11.75 0.34 
217.11 tw 10 034 
217.01 11.31 0.33 
301.20 ... 53 0.:13 
315.00 70.12 0.32 
l2341 72tw 0.32 
l31.tw 74.51 0.31 
331.~1 7144 0.31 
347.01 71.24 D.3D 
360.34 71.17 0.3D 
311.34 11 tw 0.21 
311.01 13.2• 0.21 
374.51 tw71 0.21 
liD ... 11.27 0.21 
lH.H 17.70 0.27 
JIUI 11.01 0.27 
, ... 2. 10 .• 1 0.27 
40311 ., .. 0.~ 
401.71 12.11 0.28 
41371 ... 10 0.25 
411.55 15.23 0.2$ 
423.17 18.33 0.25 
427.11 17.31 0.20 
431.H 1140 0.24 
o:M.oo H.ll 0.24 
431.16 100.32 0.23 
44371 101.23 0.23 
447.4$ 102.10 0.23 
450.11 102.1$ 0.22 
05040 103.75 0.22 
457.11 10013 0.22 
50116 115.01 017 
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Pig number 

426 
450 
440 
408 
431 
424 
419 
423 
441 
407 
434 
449 
401 
439 
410 
428 
425 
444 
406 
429 
442 
453 
409 
427 
413 
417 
412 
405 
417 
412 
405 
417 
412 
405 
417 
412 
405 
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TABLE A-11 INTRALABORATORY DUPLICATES 

group 

3 
4 
5 
3 
5 
10 
2 
4 
8 
4 
8 
3 
8 
10 
3 
7 
10 
2 
7 
2 
6 
9 
2 
6 
9 
1 
6 
9 
I 
6 
9 
1 
6 
9 
1 
6 
9 

RPD =Relative Percent Difference 
RPD = IOO"(Orig-Dupjf((Orig+Dup)f2 

material administered dosage day matrix Duplicate Value• 
PbAc 225 -4 BLOOD 0.5 

Murray Slag 75 -4 BLOOD 0.5 
Murray Slag 225 -4 BlOOD 0.5 

PbAc 225 0 BLOOD 0.5 
Murray Stag 225 0 BlOOD 0.5 

IV 100 0 BlOOD 0.5 
PbAc 75 1 BLOOD 28 

Murray Stag 75 1 BlOOD 1.9 
HlMill 225 1 BlOOD 22 

Murray Slag 75 2 BlOOD 1.7 
HlMDI 225 2 BLOOD 5.5 
PbAc 225 3 BlOOD 13.2 

HlMUI 225 3 ·BLOOD 8.1 
IV 100 3 BlOOD 7.8 

PbAc 225 5 BlOOD 7.9 
HLMill 75 5 BLOOD 4.0 

IV 100 5 BLOOD 8.6 
PbAc 75 7 BLOOD 3.3 

HlMiD 75 7 BLOOD 4.6 
PbAc 75 9 BLOOD 6.7 

Murray Slag 675 9 BLOOD 8.9 
HlMill 675 9 BLOOD 10.7 
PbAc 75 12 BlOOD 5.1 

Murray Slag 675 12 BLOOD 9.9 
HlMill 675 12 BlOOD 15.0 
control 0 f5 BLOOD 0.5 

Murray Slag 675 15 BLOOD 9.6 
HL Mil 675 15 BlOOD 14.3 
control 0 15 FEMUR 0.5 

Murray Slag 675 15 FEMUR 33.0 
HLMiU 675 15 FEMUR 99.5 
control 0 15 KIDNEY 1.0 

Murray Stag 675 15 KIDNEY 49.3 
HlMHI 675 15 KIDNEY 144.0 
control 0 15 LIVER 0.5 

Murray Stag 675 IS liVER 81.0 
HlMill 675 15 liVER 160.0 

This table includes results lor bolh lest materials from this experiment (Hl Mill, Murray Slag) 

• Non detects evalualed at 112 Dl 

Original Value• Average RPD 
0.5 0.5 0% 
05 0.5 0% 
0.5 0.5 0% 
0.5 0.5 0% 
0.5 0.5 0% 
05 0.5 0% 
2.7 2.75 -4% 
1.8 1.85 -5% 
2.8 2.5 24% 
1.8 1.75 6% 
5.9 5.7 7% 
10.2 11.7 -26% 
8.3 8.2 2% 
6.8 7.2 -11% 
7.4 7.65 -7% 
4.0 4 0% 
8.7 8.65 1% 
3.4 3.35 3% 
3.5 4.05 -27% 
5.6 6.15 -18% 
8.5 8.7 -5% 
11.3 11 5% 
43 4.7 -17% 
9.9 9.9 0% 
16.2 15.6 8% 
0.5 0.5 0% 
9.5 9.55 -1% 
15.2 14.75 6% 
05 0.5 0% 
38.0 35.5 14% 
99.0 99.25 -1% 
1.5 1.25 40% 

53.4 51.35 8% 
133:0 138.5 -8% 
3.6 2.05 151% 

78.0 79.5 -4% 
142.0 151 -12% 

AvgRPD 

-2% BLOOD 

5% FEMUR 

13% KIDNEY 

45% LIVER 
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TABLE A-12 CDC STANDARDS 

Measured• Nominal 

samplelD D~ Q LowStd Med Std Hlah Std Low Std Med Std HiQh Std 

4.1 -4 < 1.0 1.7 4.8 14.9 

4.1 0 1.2 1.7. 4.8 14.9 

4.1 2 < 1.0 '1.7 4.8 14.9 

4.1 3 < 1.0 1.7 4.8 14.9 

4.1 5 < 1.0 1.7 4.8 14.9 

4.2 -4 3.7 1.7 4.8 14.9 

4.2 0 3.4 1.7 4.8 14.9 

4.2 1 2.8 1.7 4.8 14.9 

4.2 3 2.8 1.7 4.8 14.9 

4.2 5 5.0 1.7 4.8 14.9 

4.2 7 3.5 1.7 4.8 14.9 

4.2 9 4.2 1.7 4.8 14.9 

4.2 12 3.6 1.7 4.8 14.9 

4.2 15 3.2 1.7 4.8 14.9 

4.3 1 
11.1 1.7 4.8 14.9 

4.3 2 
11.7 1.7 4.8 14.9 

4.3 7 12.0 1.7 4.8 14.9 

4.3 9 
14.6 1.7 4.8 14.9 

4.3 12 14.3 1.7 4.8 14.9 

4.3 15 16.6 1.7 4.8 14.9 

Avg 1.0 3.6 13.4 

• Non-detects evaluated at the detection limit 
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TABLE A-13 INTERLABORATORY COMPARISON 
lag Pig Group Material Dosage Qualifier Result 

Number Number Administered CDC ESD CDC ESD Average RPO 
8-904106 411 4 Murray 75 u < 0.6 1 0.8 50 
8-904108 443 2 PbAc 75 u < 0.6 1 0.8 50 

8-904169 409 2 PbAc 75 u < 0.6 1 0.8 50 

8-904189 431 5 Murray 225 u < 0.6 1 0.8 50 

8-904248 409 2 PbAc 75 < 0.6 1 0.8 50 
8-904253 424 10 IV 100 

9.4 6.4 7.9 -38 I 
8-904273 423 4 Murray 75 

3.5 1.9 2.7 -59 I 
8-904275 429 2 PbAc 75 

2.9 1.9 2.4 -42 I 

8-904333 444 2 PbAc 75 
1.8 1.7 1.75 -6 I 

8-904373 442 s· Murray 675 
5.4 4.8 5.1 -12 i 

8-904396 434 8 Hl Mill 225 
9.2 7.7 8.45 -18 

8-904423 426 3 PbAc 225 
9.8 a· 8.9 -20 

8-904458 410 3 PbAc 225 
12.3 9.7 11 -24 

8-904477 406 7 Hl Mill 75 
5.9 4.7 5.3 -23 i 

8-904517 443 2 PbAc 75 
3.7 3.5 3.6 -6 I 

8-904523 407 4 Murray 75 
6.1 5.3 5.7 -14 I 

8-904573 450 4 Murray 75 
5 4.9 4.95 -2 

8-904591 429 2 PbAc . 75 
6.9 6.2 6.55 -11 

8-904655 427 6 Murray 675 
12.1 9.5 10.8 -24 

8-904665 449 3 PbAc 225 
15.3 11.7 13.5 -27 

This table includes results for both test materials from this experiment (Hl Milt, Murray) 
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Murray Slag - Raw Data 
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FIGURE A-5 BEST FIT CURVE WITH 95% PREDICTION INTERVALS* 

200 

175 

150 

125 

100 

75 

50 

25 

0 
0 

Parameters 
a 
c 
d 

MATERIAL: PbAc 
ENDPOINT: Blood Lead AUC 

BEST FIT EQUATION: Y=:a+c*{1-exp{-d*X)) 

50 100 150 
Dose (ug Pblkg-day) 

Value Std. Error 95% Confidence Limits 
7.77 fixed value - -

173.78 fixed value - -
0.0051 0.0007 0.0035 0.0068 

Ad! R2 0.813 

Generated using Table Curve 20 v. 3.0. Outliers represented by "+". 
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FIGURE A-6 BEST FIT CURVE WITH 95% PREDICTION INTERVALS• 

MATERIAL: Murray Smelter Slag 
ENDPOINT: Blood Lead AUC 

BEST FIT EQUATION: Y=a+c*{1-exp(-d*X)) 

• 
i 125 
nl 
'0 

I 
...J 

~ 
:::J -u 

=> < 
'0 
nl 
Q) 

...J 
'0 
0 
0 m 

• • 100 

75 

25 

0~----r---~----~----~--~----~----~----~--~ 0 200 400 600 800 Dose (ug Pblkg-day) 

Parameters Value Std. Error 95% Confidence Limits a 7.77 fixed value - -c 119.2 10.1 97.7 140.7 d 0.0041 0.00085 0.0023 0.0059 
[ AdJ R2 0.903 

Generated using T•ble Curve 20 v. 3.0. OUtliers represented by"+". 
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FIGURE A-7 BEST FIT CURVE WITH 95% PREDICTION INTERVALS* 

MATERIAL: PbAc 
ENDPOINT: Bone Lead 

BEST FIT EQUATION; Y=a+b*X 

25 

-l 20 
"0 
Q.l .c 
Ul 
ca 

15 ~ 
.0 
~ 

~ - 10 '0 ca 
Q.l 

....J 
Q.l 
r:: 

5 0 
Dl 

0 
0 50 100 150 200 250 

Dose (ug Pb/kg-day) 

Parameters Value Std. Error 95% Confidence LimitS 

a 0.588 fixed value - I -
b 0.0807 0.0055 0.068 l 0.093 

Adj R2 0.928 

Generated using Table Curve 20 v. 3.0. Outliers represented by"+". 
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FIGURE A·B BEST FIT CURVE WITH 95% PREDICTION INTERVALS* 

20 

17.5 

15 

12.5 

10 

7.5 

5 

2.5 

0 
0 

Parameters Value 
a 0.588 
c 14.67 
d 0 0034 

AdJ Ro: 0.822 

MATERIAL: Murray Smelter Slag 
ENDPOINT: Bone Lead 

BEST FIT EQUATION: Y=a+c*(1-exp(--d*X)) 

400 600 
Dose (ug Pblkg-day) 

Std. Error 95% Confidence Limits 
fixed value - -

2.13 10.1 19.23 
0.0011 0.0009 0.0058 

Generated using Table Curve 20 v. 3.0. Outliers represented by"+". 
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FIGURE A-9 BEST FIT CURVE WITH 95% PREDICTION INTERVALS* 

MATERIAL: PbAc 
ENDPOINT: Liver Lead 

BEST FIT EQUATION: Y=a+b*X 

1250 

• - • 
J 1000 

• -Q) 

3: 
~ 750 :a • a.. 
Ol 
a. 
"CC 500 
CIS 
Q) 

...J ... 
Q) 

> 
250 ;:j 

• .. 
• 

0 
0 50 100 150 200 250 

Dose (ug Pblkg-day) 

Parameters Value ·Std. Error 95% Confidence Limits 
a 11 fixed value - I -
b 3.71 0.376 2.88 I 4.54 

AdJ R2 0.793 

Generated uaing Table Curve 20 v. 3.0. Outliers represented by"+". 
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FIGURE A-10 BEST FIT CURVE WITH 95% PREDICTION INTERVALS* 

900 

800 

700 

600 

500 

400 

300 

200 

100 

0 
0 

Parameters Value 
a 11 
c 793.7 
d 0.0018 

Adj R2 0.693 

MATERIAL: Murray Smelter Slag 
ENDPOINT: Liver Lead 

BEST FIT EQUATION: Y=a+e(1-exp(-d*X) 

• 

• 

200 400 600 
Dose (ug Pblkg-day) 

Std. Error 95% Confidence Limits 
fixed value - -

297 162.9 1424 
0.0012 -0.0007 0.0044 

Generated using Table Curve 20 v. 3.0. Outliers represented by"+·. 
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FIGURE A-11 BEST FIT CURVE WITH 95% PREDICTION INTERVALS* 

Parameters Value Std. Error 95% Confidence Limits 
a 17.9 fixed value - I -
b 4.21 0.459 3.19 I 5.22 

Adj R2 0.766 I 

Generated using Table Curve 20 v. 3.0. Outliers represented by"+". 
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FIGURE A-12 BEST FIT CURVE WITH 95% PRED.ICTION INTERVALS* 

1000 

900 

800 

700 

600 

500 

400 

300 
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100 

0 
0 

Parameters Value 
a 17.9 
c 524.4 
d 0.0038 

MATERIAL: Murray Smelter Slag 
ENDPOINT: Kidney Lead 

BEST FIT EQUATION: Y=a+c*(1-exp(-d*X)) 

+ 

• 

• 

200 400 600 
Dose (ug Pblkg..cfay) 

Std. Error 95% Confidence Limits 
fixed value - -61.7 392 657 

0.001 0.0016 0.0059 

• 

Adj R: 0.832 I 

Generated using Table Curve 20 v. 3.0. Outliers represented by "+". 
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TABLES AND GRAPHS FROM EXPERIMENT 11 
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TABLE A-2 
Body W•lghl Ad]u~led OO~es 

(I ln~P lor ll•vlflW lm Day) 

- .-.·- ~ -- ___ _,._ - ---- --- -~ - __ .... -\ --- ---~-::--::- .. _ ';" __ -.-.::::_:.:..__ ·~- ..::..-_r;:::-::.___:: --~- --~ 

~ ..... .,... .s.L~ Phlu 111:•1, 

Gtoup ID • I Day 0 Day I Day 2 Oay3 Day4 Day 5 Oay6 Day 7 Oayl Oay9 Day tO Daytl D•r 12 O.yU Avg Dose Target Dose % targ.t Avg% 

i 
I 
I 
I 

1iri9 
11}4 

1135 
1139 

Dart~ I I 
-- 0 --0- -- ---0 0 0 - - 0 0 0 0 0 0 0 0 0 0 000 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 000 0 

'0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 000 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 000 0 

I 1151 
-J--IiO) 

2 1104 
7 1116 
2 1111 
2 1116 

-3--iiiiS-
3 1173 
3 1129 
3 1\30 
3 1144 

---.--1121" 
4 
4 

11311 
1138 

4 1146 
4 11511 

·s:---1106-

5 1112 
5 1133 
s 1142 

0 
-2931ii-

27 192 
28 020 
26332 
25655 

-82852 
90127 
61 299 
75931 
87 404 

251 331 
2791175 
287170 
222 317 
228 848 

70074 
82378 
89488 
91042 
81 521 ~~ 

0 1102 229 181 
8 1122 274 326 
6 1128 223 377 

6 1143 273 296 
II 1154 238 !168 
1 1126 638 060 
7 1137 770 838 
1 1140 706022 
7 1141 663250 
7 1155 740 477 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 000 0 

28 3sS 27 463 28 I 58 27 449 26 774 29 824 28 527 27 339 29 DOll 28 010 27 078 28 696 27 878 27 lOS 28 07 25 

26 993 26 796 27 427 26 692 25 996 29 500 28 709 2 7 !15!1 29 603 28 528 27 528 28 969 27 9511 2 7 015 27 79 25 

26 993 26 038 26 795 26 211 25 651 28 651 2 7 844 26 90S 28 383 27 259 26 221 27 440 26 345 25 334 28 95 25 

21 997 27 669 28 U3 27 470 26 713 30 358 29 585 28 851 30 742 291100 211915 30 755 29 9112 29 246 28 911 25 

25 457 25 263 28 073 25 576 25 097 28 3811 27 542 26 7 46 211 510 27 647 26 1135 28 4711 27704 28 970 26 80 25 

81 5 71 60 341 82 1133 110 841 76 IIU 82 174 110 156 78 235 84 340 110 448 78 900 83 090 80 ~42 11 !15!1 80 74 75 

89 368 88 1121 88 968 84 710 80 1141 80 75 7 75 11611 71 S34 7868S 711 4116 14 369 79 644 711 472 73 su 80 611 75 

80 817 110 341 83 311 111759 110 283 81 306 77 337 73 737 110 131 76 997 14 098 80 253 71 870 75 624 19 01 75 

13 138 70 S43 73 858 73 162 12 4 78 73 288 69 593 88 255 71 9511 69 I OS 88 471 71 DIS 69 709 87 634 71 00 75 

84 390 81 5 71 84 145 82 I 58 110 263 82 237 711 039 711 081 82 071 78 33 I 7 4 1117 80 300 77185 74 265 80 29 75 

243 951 236 993 243 420 2321108 223 2611 2381104 228 523 2111 090 232800 22211311 2131110 228 270 21112114 2101142 229 711 225 

270 251 261 267 2119 884 259 581 250 0311 2118 654 258 !Ill 248 457 263 51 s 251 924 241 310 262 8711 257 414 252 113 259 69 225 

256 662 247 270 255135 24S 137 2351194 253 491 2431120 234 4118 249 1163 2311 S30 230 188 248 415 2~1 093 234 190 2~S 48 225 

219 299 2111 362 222 7811 21 3 658 205 248 220 053 211 0311 202 734 218 11011 212 596 206 7211 221 1145 214 112 207 01 3 214 31 225 

221 6311 218 8411 222 1130 212 113 I 204 041 221 725 215.320 2011 274 223 838 21 S IISII 208 053 222 072 213 329 205 249 215 95 225 

117 856 65 774 70 DOll 811 063 1111 231 119 220 117 114 115 2411 70 114S 61111112 67124 70 453 611 215 1111 II~ 88 10 75 

82 011 111 882 liS 530 111 935 711 1130 11 653 711 71111 711 076 112 277 711596 77 087 711 384 75 528 72 029 711 84 75 

115 7 4S 82 304 88 53S 11111170 115 459 114 311 17 722 12 087 110 7114 80 11119 110 9114 8S 1114 83 ~48 111 390 83 05 75 

117 903 84 973 110 15 7 117 411 84 11211 1111 253 65 2711 112 500 1111 4117 114 911 111 831 114 11119 111 1135 711 55-4 IS 50 75 

711 9911 12 94 7 76 213 711.704 75 197 711 71111 78 599 7 4 5-411 711 294 75 5-45 72 135 75 3511 72 11411 10 12~ 1S 78 75 

221 110 213 700 2211 765 220 475 214 52~ 21911011 2011 341 11191125 210 11511 202 190 IllS 233 210 938 204 001 197 507 211 75 225 

288 5011 21121127 2751177 285 802 2559711 2111171111 263 71111 258014 27S 120 - 211111143 259 237 281 ~311 273 ~12 285.832 287.711 225· 

217 2011 211 373 228 394 22511511 223 5711 2327110 225 DOD 211 714 2311132 224 1152 217 1103 23711711 231.1127 226 449 225 08 225 

2110 107 248 133 285 3110 259 955 254 7 411 2114 788 255 514 248 111111 2511 417 2421118 230 1197 250 688 243 718 237 142 252 69 225 

231 551 224 583 234458 224 523 21S 3118 224 1152 217 153 211 275 221 0911 210 1138 201.490 220 165 21 s 242 210 5111 220 19 225 

794 194 754 692 809 305 795 658 7112 483 1125 388 805 2011 715 993 1117.356 774 043 735 0116 795 481 7116 555 139 1158 7117114 675 

7 411 872 724 353 7 47742 709 S II 1175 DOD 697 884 111111197 1140 932 1180 390 1156 559 1134 340 690 771 11119 51111 849 1122 6110 84 1175 

683 6911 11112 741 710 045 697 450 8115 294 711 006 695 11112 1175 2118 707.7114 67S Dill 114S 258 700 341 6711734 1154 6611 8811 29 815 

6511 2114 637 IllS 1179 37~ 11113 808 848 557 1174 3711 1149 081 112511111 11111 5711 11311134 612 574 8113.249 11311441 617284 641115 1175 

718 1135 6911 04S 734 356 708 9711 6115 294 712 495 11115111111 11110 645 89119911 1112 2511 114 7 487 702 1175 678 913 856.708 693 48 li75 

112 
111 
106 
116 
107 
loB 
108 
lOS 
95 

107 
102 
115 
109 
95 
116 
Ill 

106 
Ill 
~~~ 

101 
94 

119 
100 
112 

1111 
117 
102 
102 
96 

103 

111 

104 

104 

IDS 

lOS 

104 
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Swm@ Slu<fr Phas~ H Exp 11 

TABlE A- 3 RAW AND ADJUSTED BlOOD lEAD DATA 
op~llm~nl I 1 (Dat• rm1 <11own lor groups 8. 9. & 10) 

_jllg numb~r sample 
· -~·-iio989tioi68. 

1124 8 911 0157 
1135 8 911 0114 
1139 8 911 0165 
1151 8 911 0121 
1103 8 911 0125 
1104 8 911 0147 
1116 8 911 0158 
1111 8 911 0133 
I 118 6 9110145 
1105 8 91 1 0181 
1123 8 911 OH8 
1129 8 911 0149 
1130 8·911-0112 
1144 8 911 0142 
1121 11911 0111 
II 311 8 911 0151 
I 138 8 911-0153 
1146 8 911-0148 
1150 8 911 0135 
1108 8 9110144 
1112 8 911 0158 
I 133 8 911 0134 
1142 8 911 0139 
1149 8 911-0122 
1102 8 911-0130 
1122 8 911-0160 
1128 11911 0163 
1143 8-911·0120 
II 54 8 911 0155 
1126 89110126 
1137 8 911-0159 
1140 8-911 0129 
1141 8 911 ·0162 
1155 8 911-0154 
1109 8 911-0205 
1124 8 911 0209 
1 I 35 8 911-0223 
1139 8 911-0213 
!lSI 8 911 0211 
1103 1191 1-0229 
1104 8 911 0216 
1116 8 911 0200 
1117 8 911 0225 
II I 8 8 911-0189 
1105 8 911-0187 
1123 8 9 II -0226 
1129 8 911 0183 
1130 8 91 I -0186 
1144 8-911 0177 
1121 8 911 0116 
1136 8 911 0193 
1138 8 911 0190 
1146 8 911 0181 
II 50 8 911-0227 
1108 8 911 0217 

rnnsample group material admlnlsterelt dosate qualifier reanquaUfler reanruun rHuH day source file reo~nsourc:• MATRIX AdjuS1ed Value IU!!Idl!' . .!.Conkel . ii • 1 ·4 19603138 BlOOD 05 1 Conlral 0 < 1 ·4 19603139 Bl 000 0 S 1 Conlrol 0 • 1 ·4 T96031JB BLOOD 0 S I Conlfal 0 < I ·4 19603138 BLOOD 0 5 I Control 0 • I -4 19603138 BLOOD OS 2 PbAc 2S • 1 587 -4 19603139 BLOOO 0 s 2 PbAc 25 < I -4 191!0013B BlOOD 0 5 2 Pbol.c 25 • I -4 T91!001JB BlOOD 0 5 2 PbAc 25 1 2 ·4 19603138 BLOOD I 2 2 PbAc 25 < 1 ·4 T9603138 BLOOD OS 3 PbAc 75 < 1 ·4 l960l13B BlOOD 0 S 3 PbAc 75 • I -4 l960l138 BLOOD 0 5 3 PbAc 75 < 1 ·4 T91!00138 BLOOD 0 5 3 PbAc 7S < 1 -4 Tll803138 BLOOD 0 5 3 PbAc 75 < 1 -4 T960313B SlOOD 0 5 4 PbAc 225 • 1 -4 T91103138 BLOOD o 5 4 PbAc 225 < 1 -4 T91!0013B BLOOD 0 S 4 PbAc 225 < I -4 l960l138 st.OOD 0 5 4 PbAc 225 • 1 ·4 T91!00138 BlOOD 0 5 4 PbAc: 225 • t -4 T91!00t38 BLOOD o 5 S Murray Res Soil 75 • I ·4 T91!0013B BLOOD 0 S 5 Murray R~s Soil 75 • I . 4 Tll803 I 38 BLOOD 0 5 5 Murray Re-s Soil 75 < I -4 T9603138 liloob 0 5 5 Murray Res Soil 75 < I -4 T9603139 BLOOD 0 5 S Murray Res Soil 7S < 1 ·4 T9603138 BLOOD o 5 II Murray Res Soil 225 < I -4 T9603138 BlOOD 0 5 II Murray Res Soil 225 < I -4 T96031JB BLOOO 0 5 II Murray Res Soil 225 • 1 -4 T9603138 BLCXlO 0 5 II MIHrayRes Soil 225 • I -4 T960313B BlOoD 0 5 8 Muuay Res Soil 225 • 1 -4 T9I!OO 13B BlooD 0 5 1 Munay Res Soil 1175 • t . 4 T9603138 Bloob 0 5 7 Murray Res Sod 1175 < 1 -4 T960313B Bl.OOO 0 5 1 Murray Res Soil &75 1 4 -4 T960313B BLOOO 1 t 1 Murray Res Soil 1175 < 1 -4 19603138 BlOOD 0 5 1 Murray Res Soil &75 < t -4 T9603138 BLOoD · 0 5 I Conlrol 0 < I 0 1980313B BLOOD 0 S 1 Control o • 1 o T960313B BLOOD o s I Conlfol 0 < 1 0 T9603138 BlooD 0 5 8-911-2213 I C-ol 0 < • 1 I 0 T960313B T960427B BlOoD 05 I Control 0 11 0 19603138 BLOOO 11 2 PbAc 25 • 1 0 T960313B BLOOD 0 5 2 PbAc 25 < I 0 T960313B BloOD 0 S 2 PbAc 25 < 1 0 T96031JB 8t.OOI) 0 5 2 PbAc 25 < 1 0 T960313B BLOOD 0 5 8 911· 2189 2 PbAc 25 < < 1 1 0 T9603 I 38 T960427B BlooD 0 5 3 PbAc 15 • I 0 T960313B BLOOD 0 S 3 PbAc 75 < 1 0 19110313B 111..000 05 3 PbAc 75 • 1 0 19603139 91..000 0 5 3 PbAc 75 < I 0 T960313B BLOOD 0 5 8 91 I -2177 3 PbAc 15 < • t 1 0 191103138 T960427B BlOOD 0 5 4 PbAc 225 < I 0 19603139 BLOOD 0 5 4 PbAc 225 • 1 0 T960313B BLOOD 05 4 PbAc 225 • 1 0 T960313B BLOOD 05 4 PbAc 225 • I 0 T960313B BLOOD 0 5 8-911-2227 4 PbAc 225 < < 1 t 0 19603138 T950.427B 111..000 0 S S Murray Rn Soil 7S < I 0 T9600 I 3B Blooti 0 5 

Notes 



_gig_ ~u~ ~~~ __ ~ ~~~~! _ _ '!~~sampl_! 9raup = malerlal ~ml nlslefed dosa!J!_ qua_!Lner reanquaNiler reanresult res lilt !fay saurce nil rnnsaurce MATRIX Ad) liSted Value (ugfdll" NDIH 1112 8 911 fJ;>Q1 5 Murr3V R..-. Sod 15 • I 0 1960313B BlOOD 0 5 1133 89110218 5 MurrarRu SOli , 75 < t 0 T9603t3B BLOOD 05 1142 8 911 0188 5 M<nray Rn Sod 75 < t 0 T960313B 81..000 0 5 1149 8 911 0182 5 Murray R~s Sari 75 < I 0 196031JB BLOOD 0.5 I 102 8 9!1 0206 6 Murray R~s Sod 225 • 1 0 T960313B BLOOD 0 5 II 22 8 911 0119 8 911 ]I 79 6 Murray R ~s Soil 225 • • 1 1 0 T9603138 19804279 BlooD 0.5 1128 8 911 0196 6 Murray R..-s Sod 225 < 1 0 T960J 13B BlOOD 0 5 1143 8 911 01!4 6 Murray R..-s Sool 225 • I 0 T960313B BLOOD o 5 1154 8 911 0199 6 Munay Res Sod 225 < 1 0 1960313B BLOOD 0 5 1126 8 911 0203 1 Munay R~s Soil 675 • 1 0 19603138 BLOOD 0 5 1131 8 911 0728 II 911 2228 1 Murray R~s Sod 675 < < 1 1 0 T960313B T960427B BtOOD 0 5 1140 8 911 0180 7 Murray Res Soil 875 • 1 0 19603139 BLOOD 0 5 1141 8 911 0212 7 Murr3y Res Soil 875 I 6 0 19603139 BLOOD 1 6 1155 8 911 0212 1 Murr3y Res Soil 675 12 0 T9603139 BLOOD- 12 110'1 8 911 0250 8 91 I -2250 1 Conbol 0 • 1 2 I T960313B 19804279 BLOOD· 0 5 1124 8 911 0280 8 911 2280 · I Conbol 0 < I 1 4 1 T960313B T980427B BlOOD 0 5 1135 8 911 0272 8 911-2272 I Conlro1 0 • 1 1 8 1 T9603139 T980427B BlOOD 0 5 II 39 8 911 0238 8 911-2236 1 Conlro1 0 < I 4 4 I T9603138 1980427B BLOOD 0 5 1151 8 911 0251 8 911-2251 I Conlro1 0 < 1 3 8 I 19603139 1980427B BLOOD 0 5 1103 II 911 0243 8-911-2243 2 PbAc 25 < I 2 3 1 T9603139 T9804279 BLOOD 0 5 1104 8 911 0266 8-911-2268 2 PbAc 25 c I 511 t T9603139 T9604218 BLOOD 0 5 1116 8 911 0257 8 911 2257 2 PbAc 25 < t 4 8 1 T960313B T960427B BLOOD o 5 1111 8 911 0241 8 911-2241 2 PI>Ac 25 < I 4 I 1960313B 1960427B BLOOD 0 5 1118 8 911 0258 8 911-22511 2 PbAc 25 58 1 9 I 19603139 T980427B BLOOD 511 1105 8 911 0237 II 911-2237 3 PbAc 75 • 1 411 1 19603139 T9804279 BLOOD 0 5 1123 8 911 0248 8 911-2248 3 PbAc 75 < 1 3 7 I 19603139 T980427B BlOOD 0 5 1129 8 911 0247 11-911-2247 3 l't>Ac 75 < 1 I 1 1 T9603139 19804278 BLOOD o 5 1130 8-911-0277 8 911-2277 3 PbAc 75 • 1 59 1 l960313B 19804279 Bi.OOo 0 5 I 144 II 911 0240 8 911-2240 3 PbAc 75 < I 2 II I T91103138 T960427B BlooD 0 5 1121 8 911 0233 8 911-2233 4 PbAc 225 3 3 8 2 I T9803139 T980427B BLOOD 3 3 11 J8 8 911-0278 8-911-2278 4 PbAc 225 1 4 4 8 I T9600t3B T9804218 BLOOD 1 4 1138 8 911 0248 8 911-22411 4 PbAc 225 2 5 8 I T9603 t3B T9804279 BLOOD 2 :J:ot 1146 8 911-0282 8-911-2282 4 PbAc 225 3 8 3 I T960313B T980427B BlOOD 3 8 1 1150 8 9 11-02a~ 8-911-2284 4 PbAc 225 4 5 ~ 2 1 T9803138 1980427B BtooO 4 5 ~ 1106 8-911 0264 8 911-2264 5 U......y Res Soil 75 2 8 3 I 19803139 T980427B BLOOD 2 8 tv 1112 6-911 0269 8 911-2269 5 Munay R~s Soil 75 • 1 2 4 I T960313B 111804278 BLOOD 0 5 1133 11911 02~5 8-911-2245 5 MurriiJ Res Soil 75 c I I 1 I 19603139 T980427B BLOOD I 1 1142 a 911-0273 8-911-2273 5 Murray Res Soil 75 c 1 1 9 t 19603139 T9BIM27B IILOoo 0 5 1149 8 911-0275 8-911-2275 5 Murrar Res Soil 75 • < 1 I 1 1 960313B T9604278 91.000 0 5 1102 8 911 0230 11-911 2230 8 Mooay Res Sod 225 2 ~ 3 9 1- l960313B T980427B BLOOD 2 4 1 122 8 911-025~ 8-911 2254 8 Murray Res Soil 225 1 5 1 2 I 19603139 T980427B BlOOD 1 5 1128 6911 0253 8-911-2253 a Murray Res So~ 225 1 9 3 1 19603139 11180427B BLOOD 1 9 1143 8 911-0278 8 911-2271 I Murray Res Soil 225 1 2 2 4 1 T9603139 T9604278 BLOOD t. 2 1154 8 911-0262 11-911-2262 I Mumoy Res Soil 225 2 7 3 8 I 1960313B T980427B BLOOD 2.7 1128 8 911-0234 8-911-2234 1 Murray Res Soil 675 5 2 1 1 19603138 T9BIM27B BLOoD 52 1137 8 911-0267 8 911-2267 1 Murr3J Res Soil 875 3 2 3 4 I 19803139 T9110427B BLOOD 3 2 IUO 8 911-0214 8-911-2274 1 Murray R~s Soil 875 ~ 4 4 1 T960313B T9804278 BlOoD 4 4 1141 11911-0232 8-911-2232 7 Mllffar R~s Soil 675 2 9 3 5 1 1960313B 11180427B BlooD · 2 9 , It 55 8 911 0231 8-911-2231 7 M<nray Res Soil 875 4 1 157 1 19603138 11180427B BLOOD 4 1 1109 II 911-0301 1 CDnlro1 0 < I 2 19803308 BLOaJ 0 5 1124 8 9 II 0320 8 -911-2!20 I Conlro1 0 < • I 1 2 T9600309 T9804278 Bl 00D 0 5 1135 6 9 II 0338 1 Control 0 < 1 2 19603309 BLOOD 0 5 1139 8 911 0334 8-911-233~ 1 Control 0 < I 1 3 2 19603308 11180427B BLOOD 0 5 11 5 I 8 911-0324 1 Conkol 0 • 1 2 T9603309 BLOOD o 5 1103 8 911 0304 11-911 2304 2 PbAc 25 c < 1 1 2 T9603309 11180427B BlOOD o 5 1104 8 911-0303 2 PbAc 25 c I 2 19603308 BlOOD o 5 1118 8 911 0302 2 PbAc 25 < I 2 19603308 BLOOD 0 5 1117 6 911 0307 2 PbAc 25 • I 2 T960330B BLOOD 0 5 1118 a 911 0309 2 PbAc 25 • 1 2 19603309 BLOOD 0 5 II 05 II 911 02a9 3 l't>Ac 75 1 3 2 19603309 BLOOD 1 3 1123 8 911 0318 3 PbAc 75 2 1 2 19603308 BLOOD 2 7 



Swm~ Study Phas~ II Exp II 

_l!g .!'':'_"!_~~'!-'!'fie re!!!!!~P.!!__Iroup malertal admlnlslered 
source file reansource MATRill ~d Value tugldll' Noles 

--- . 1 i ~ li !iii iil9li- B 91 i :759li ---- - i Pb.O.c 
2 19603308 19604278 BLOOD I 11'1 8 91 I 0326 3 Pb.o.c 
2 19603308 BLOOD 

I I 44 8 9 I I 0285 8 911-n85 3 PbAc 
1 4 2 T9603308 1960427B Bl 000 1 4 

1121 8 9 II-OJ II 4 PbAc 
2 19603308 BLOOD 5 9 

1136 8 911 01!!5 4 PbAc 
2 19603308 BlOOD 2 9 

113~ 8 911 0288 4 PbAc 
2 Tll603308 BlOOD 3 4 

1146 8 911 0337 4 PbAc 
2 19603308 BLOOD 52 

1150 8 911 0310 4 PbAc 
2 19603308 BLOOD 6 2 

1106 8 911 0332 5 Murray Rn Sod 
2 19603308 BLOOD 2 7 

1112 8 !JII 0312 5 Murray Res Sad 75 < 2 19603308 BlOOD 0 5 
II 3.1 8 911 0292 6 9 II 1292 5 Murray R~s Sail 75 c 2 1 2 19603308 19604278 BL 000 2 I 
1142 8 911 0333 5 Murray Res So~ 75 I 8 2 19603308 BLOOD I B 
1149 8 911 OJ 19 5 MUffay Res Sod 75 2 4 2 19603308 BLOOD 2 4 
II 02 8 911-0331 8 Mu11ay Res Soil 225 5 I 2 111603308 Bl 000 5 1 
1122 8 911-0325 8 Murray Res Soil 225 5 2 1911033011 BlOOO 5 
1128 8 911 0300 6 Murray Res Sad 225 3 8 2 19603308 BLOOD 3 8 
110 B 911 0322 8 911 2322 8 Murray Res Sad 225 3 4 3 1 2 T9603J0B 19604278 BLOOD 3 4 
1154 8 911 0328 6 Murray Res Soil 225 58 2 19603308 BlOOD 58 
1126 8-9110323 7 Murray Res Sad 875 7 9 2 19603308 BlOOD 7 9 
113 7 8 911 0335 7 MUffay R~s Soil 875 II 4 2 T960330B BLOOD 8 4 
1140 8 911 -0329 • 1 Mullaf Res Soil 675 II 2 2 19603308 BLOOD II 2 
1141 8 911-02911 1 Murray Res Soil 1115 5 II 2 19803308 lllOOO 5 8 
II 55 8 911 0293 1 MUffay Res Soil 875 8 5 2 1960330B BLOOD 8 5 
1109 8- 911-D367 I Control 0 • 1 3 19603308 BLOOO 0 5 
1124 8 911 -03 75 1 Canlrol 0 < I 3 19603308 BlOOD o 5 
1135 8-911-0357 1 Cont<ot D < 1 3 T98D330B BLOOD o 5 
1139 8 911-0340 I Conl<ot 0 < 1 3 19603308 BLOOD 0 5 
II s 1 8. 911-0345 I Cofltrot 0 < I 3 1960JJDB BLOOD 0 5 
1103 8 911-0384 2 PI>Ae 25 1 I 3 19603308 Bi.OOD 1 I 
11 !J4 6 911-03 70 2 PbAc 25 I 3 19603308 lii.OOO 1 
1118 8 91!.0353 2 PbAe 25 1 8 3 19603308 BLOOD 1 8 
1117 81111-0379 2 PI>Ae 25 < I 3 T960330B BLOOD 0 5 
1118 8-911-0314 2 PbAc 25 < 1 3 T9603309 BlOOD o 5 
II !l5 8 9 II 0342 3 PbAc 75 2 4 3 19603308 BlOOD 2 4 
1123 8 91!.0351 3 PbAc 75 2 8 3 19603308 BLOOD 211 
1129 8 911-0372 3 PbAc 75 < t 3 19603308 BLOOD 0 5 

)>I 11 30 8 911 0391 3 PbAc 75 I II 3 T960ll08 BLOOD 19 
I 1144 11911 0360 3 PbAe 75 13 3 196033011 lil.OOO 1 3 
~ 1121 8 911-0377 4 PbAc 225 5 9 3 19603308 BLOOD 59 

1136 8 911 0390 4 PbAc 225 2 7 3 19603308 BLOOD 2 7 
1138 8 911-0355 4 PbAc 225 4 3 3 19603308 aooo 4 3 
II 48 8 911-0358 4 PbAc 225 5 2 3 T9603JDB BlOOO 5 2 
1150 8 911 03116 4 PbAc 225 5 4 3 1960330B 81..000 5 4 
II 08 8 911-{138 7 5 Mtlfray Res Sa~ 75 3 2 3 19603308 BLOOD 3 2 
1112 8 911 0381 5 Murray Res Soil 75 < 1 3 l960lJDB BLOOO 0 5 
till 8-9 II -D389 5 Murray Re-s Soil 75 I 5 3 19603308 IILOOO 1 5 
114 2 8 911 0348 5 Munay Res Sa~ 75 1 8 3 T9BOJJDB BLOOD 1 8 
1149 8 911-0392 5 Murray Res Soil 75 < I 3 19603309 BLOOD 0 5 
t\02 8 911 0362 8 Murray Res Soil 225 3 2 3 19603308 BlOOD 3 2 
1122 8 911 0341 II Munay Res So~ 225 4 5 3 19603308 BLOOD 4 5 
1128 8 911 0380 8 Murray Res Sod 225 31 3 T96DJJ08 BLOOD J 1 
1143 8 911-0344 8 Murray Res Sail 225 3 3 3 19803308 BlOOD 3 3 
1154 8 911-0352 II Murray Res Sa~ 225 58 3 19603JOB iJLOOD 58 
1126 8 911 0348 7 Murray Res Sod 675 II 8 3 T96033DB BlOOO 11 II 
1137 8 911 0359 1 Murray Res Sail 675 6 I 3 T96GJJil9 111.000 6 1 
1140 8 911 0358 7 Mulray Res Sail 675 9 7 J 19603308 BlOOD 9 1 
1141 8 9\l 0368 7 Murray Res Soil 675 II I 3 T9603JOB BLOOD 8 1 
I ISS 8 911 0364 7 Mu11ay Res Soil 675 8 9 3 T9603JDB BLOOD 6 9 
1109 8 911 0418 1 Can1<al 0 1211 5 T9603308 BLOOD 12 8 
1124 8 91 1 0425- I Carmal 0 < I 5 1960JJOB BLOOD o 5 
1 135 8 91!. 04 38 I Control 0 < 1 5 J!II!!I]'VlA 
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~~ ~~~~ - -~~~~- rnn~~~ple __ g~ou~ ~-~~erial ad_ml~~~terell aUIIer rean..sull resull source IKe ,.~. MATRIX ustedl Yal ... lllllldU • Notes 

1139 8 911 0434 I Control I 5 3 BlOOD 05 

!lSI 8 911 0417 I Control 0< I 5 19603308 BlOOD 05 

1103 8 911 0415 2 l'bAc 25 1 5 111603308 BlOOD 1 

1104 8 911 0405 2 l'bAc 25 13 5 111603309 BlOOD 13 
1116 8 911 0399 2 PbAc 25 < 1 5 111603309 BLOOD 05 

1111 8 911 0437 2 PbAc 25 111 5 111603309 BLOOD 111 

1118 8 911 0413 2 PbAc 25 u 5 19800300 BLOOD 1' 

1105 8 911 0442 3 PbAc 75 H 5 196D33011 BlOOD 34 

1123 8 911 0443 ' 3 PbAc 75 39 5 19603308 BlOOD 39 

1129 8 911 040!1 3 PbAc 75 27 5 T9603308 BLOOD 27 

1130 8 911 0398 3 PbAc 75 21 5 T9603308 BLOOD 21 

11H a 9110432 3 PbAc 75 Ill 5 111603308 81.000 19 

1121 8 911 0430 4 PbAc 225 96 5 1!1603300 BLOOD !Ia 

1136 8 911 0397 4 PbAc 225 54 5 196D33011 bLOOD 54 

1136 8 911 0424 4 PbAc 225 65 5 111603300 BLOOD 85 

1146 a 911 0427 4PbAc 225 84 5 19603308 BLOOD a4 

1150 8 911 0407 4PbAc 225 114 5 111603308 BLOOD a4 

1106 II 911-0406 5 M""ay Res So~ 75 29 5 111603300 BlOOD 29 

1112 a 911 0441 5 Mr111ay Res Sod 75 2 5 1!1603300 IJLOOD 2 

1133 8 911 0428 5 Munay Res Soil 75 19 5 19603308 BlOOD 19 

1142 II 911 0404 5 Munay Res Soil 75 12 5 111603309 blooD 12 

1149 8911-0410 5 MIMray Res Soil 75 22 5 111603308 BLOOD 22 

1102 6 911 0436 6 MIHray Res Soil 225 76 5 19603300 BlOOD 76 

1122 8911-0419 6 Munay Res Soij 225 43 5 lli60330B BLOOD 43 

1128 8 911-0440 6 Munay Res Sail 225 87 5 111600308 IJLOOD 87 

1 1'3 a -911 0449 6 Murray Res Soil 225 57 5 T9603308 BlOOD 57 

1154 8 911-0422 6 t.b-ray Res Soil 225 64 5 11160330B BlOOD 64 

1128 8 911 0439 7 Munay Rn Soil 675 117 5 111603309 BLOOD 97 

1137 8-911 0448 7 Munay Res Soi1 875 II 5 1960330B BLOOD 8 

1140 8 911-0421 7 Mun•y Res Soil 875 105 5 19603308 BlOOD 105 

1141 8-911-0402 7 Mulray Res Sail 875 74 5 1960330B BlOOD 14 

1155 8-IU 1-0431 7 Murray Res Sail 875 II 5 11110330B BLOOD 811 

:r 1109 8 911-0453 1 Control 0 < I 7 11160330B BlOOD 05 

1124 8-911 0485 I Canlr1>l Oc 1 1 T9803309 BlOOD 05 

,e::. 1135 8-911-0479 I Conlrol 0 < 1 7 TII60330B BlOOD 05 

,e::. 1139 8911-0488 I Conlral 0 c 1 1 Tll603l0B BlOOD 05 

1151 a 911-0492 1 Conbol 0 c 1 7 19603308 EilooO 05 

1103 8-911-0471 2 PbAc 25 15 7 19603308 BlOOD IS 

1104 8-911-0451 2 PbAc 25 1 5 7 111603308 BlOOD 1.5 

"'a a-911-0491 2 PbAc 25< I 7 19603308 91.000 OS 

1111 8-911-0464 2PbAc 25 25 7 Tli6003IlB BLOOD 25 

1118 a911 0472 2 PbAc 25 12 7 19603308 a.oao 12 

11os a 911 o489 3 PbAc 75 3a 7 19603308 BlOOD 311 

1121 a 911-0501 3PbAc 75 43 7 19603308 BLOOD 43 

1129 8-911-0481 3 PbAc 75 3 7 19603309 Si.OOO 3 

1130 a-911-0454 3 PbAc 75 29 7 19603308 BLOOD 211 

11U 11911-0480 3 PbAc 75 31 1 T9603308 BLOOD 31 

1121 a 911-0474 4 PbAc 225 76 7 111603308 BLOOD 76 

1136 a 911-0496 4PbAc 225 51J 7 T960330B BlOOD 59 

1138 8 911-0469 4 PbAc 225 59 7 1960330B BlooD 5.9 

t146 a 911-0484 4 PbAc 225 a 7 111103308 BlOOD I 

1150 a911-0450 4 PbAc 225 11 7 1 1960330B BlooD 117 

1108 8-911 0473 5 Murrar Res Soil 75 24 7 19603308 BLOOD 24 

1112 a-911-0458 5 MIHray Res Soil 75 28 7 19603308 BLOOD 28 

1133 a !in-D4a3 5 Mumry Res Soil 75 31 7 19603308 BlOOD 3.1 

1142 a 911-0455 5 Mquay Res Soil 75 32 7 1960330B BlOOD 32 

1149 8 911-0452 5 Murr-ay Res Sail 75 22 7 Tli60030B BLOOD 22 

1102 II-911-04a2 6 Murray Res Soil 225 6 7 19603308 BlOOD 6 

1122 a 911-0475 8 Murray Res Soil 225 47 7 19603309 BlOOD 47 

112a a 911 -0468 .8 Murray Res Soil 225 51J 7 T9603308 BLOOD 59 

1143 8-911-0499 8 Muoray Res Soil 225 53 7 T960330B BlOOD 53 
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_11111 ~~!'---•~"¥.1_•---•~ansample __ ~ll material admlnoslered dosa~ gullller rea!!!lualiller reanresult result dar -.celile reansource MATRIX ~usted Value(u~ll' Noles 

- · · H5i 8 9i i b4il.l -- · --- ---- -- ·- · 6 -Muna~ Res -Srnl- -- }25- .. 
II 1 19603308 BLOOD II 

1126 8 91 t 0476 7 Munay R•s Soot 675 109 7 19603309 BlOOD 109 
1137 8 911 0~81 1 "'"''a~ Res Sod 675 87 1 T960330B BLOOD 87 
1140 8 9110498 7 Munay Rn Sod 675 113 1 19603300 BLOOD 113 
I 141 8 911 0460 1 Mun ay Res Sod 675 75 719603308 BlOOD 75 
1155 8 911 0491 1 Mwoa~ Res Sod 67S 79 1 19603308 BLOOD 79 
1109 8 911 0533 I Control 0 < 

1 9 111603300 BLOOD OS 
1174 8 911 0546 1 Coolool 0 < 1 19603309 BLOOD OS 
1135 89110510 I Control 0 < 

1 19603309 BlOOD 05 
1139 8 911 0556 1 Conhol 0 ~ 

1 19604100 BLOOD OS 
1151 8 911 0517 I Contool 0 c 

1 19603308 BlOOD OS 
1101 8 911-050 2 PbAc 25 Ill 19603309 BLOOD 18 
1104 8 911 0524 2 PbAc 25< 1 19603308 BlOOD OS 
1116119110551 2 PbAc 2S < 

1 1!160<1100 BLOOD OS 
II 11 II 911-0507 2 PbAc 25 33 19603308 BLOOD 33 
IIIII II 911 0536 2 PbAc 25 21 19603308 BlOOD 21 
1105 11911 0559 3 PbAc 75 34 191104100 BlOOD 34 
1123 8 911 0544 3 PbAc 75 33 19603308 BLOOD 33 
1129 8 911 0534 3 PbAc 75 39 19603308 BLOOD 39 
1130 11911 0520 3 PbAc 7S 31 T960330B BLOOD 31 
1144 8 911 0553 3PbAc 75 28 19604100 BLOOD 28 
1121 8 911-0542 4 PbAc 225 Ill T980330B 81.000 88 
1136 8 911 0511 4 Pbl.c 225 58 T960330B BlOOD 511 
1138 11911 0547 4 PbAe 225 49 191103308 BlOOD 49 
1146 II 911-0529 4 PbAe 225 83 191103308 BLOOD 83 
1150 II 911-0521 4 PbAe 22S 103 19603300 BLOOD 103 
1108 8 911 0535 5 Mu,.ay Res Soil 15 29 1111!0330B BLOOD 29 
1112 11911 0554 5 Murray Res Soil 7S 28 1116041DB BLOOD 28 
1133 II 911-0509 5 Murra~ Rn Soil 75 35 T96033DB 11.000 35 
1142 11911 0549 5 Mooar Res Soil 75 19 T9604108 lilOOD 19 
1149 8911 0512 5 Murray Res Soil 75 24 l960330B BLOOD 24 
1102 8 911 0513 8 Murray RH Soil 225 7 T960330B BLOOD 1 

~ II 22 8 911-0S4S 8 Murrat Res So~ 225 58 T9603308 BLOOD 58 
I 1128 8 911-0552 II Murray Rn Soil 225 54 9.l9604108 81..000 54 ""' 1143 11911 0515 II Murray RH Soil 225 55 919603308 BLOOD 55 

U1 IIS4 II 9110532 8 Munay Res Soil 22S liS 9 191103308 BLOOD 85 
1128 8911-0523 7 Murray Res Soil 875 117 9 T98033DB 81.000 117 
1137 II 911 0557 7 Murtay Rn Soil 117S 78 II 19604108 Bl.OO() 78 
1140 11911 0518 7 Mtmay Res Soil 67S 117 9 19803308 BlOOD 11.7 
1141 8-911 05111 7 Murray Res Sail 875 

92 9 19803308 BlooD 92 
1155 119110530 7 Murray RH Soil 875 

7 9 19803308 BLOOD 7 
1109 8 911 0585 1 Conlrcl 0. 

1 12 111604108 BlOOD OS 
1124 8 911 0595 1 Control 0. 

1 12 19604108 BlooD 05 
II 35 8 911 051111 1 Coolrol o~ 

1 12 T960410B BLOOD OS 
1139 II 911 OS13 1 Conlool 0• 1 12 19604108 BLOOD OS 
liSt II 911 0600 1 Control 0. 

I 12 19604108 111.000 05 
1101 8 911 0580 2 PbAe 25< 

1 12 19604108 BLOOD OS 
1104 8 911-0564 2 PbAc 25 

12 12 l9604108 BlOOD 12 
1118 8-911 0574 2PbAc 25• 

1 12 19804108 BLOOD OS 
II 11 8 911 0578 2PbAc 25 

3S 12 1!160<1108 BlOoD 3S 
11 tB 8 911 0588 2 PbAc 25 

2S 12 19604108 BLOOD 25 
1105 8 911 0593 3 PbAc 75 

5 12 19604108 BlOOD 5 
1123 8 911 0599 l PbAc 7S 

37 12 T!160<110B BLOOD 37 
1129 8 911 0612 3 PbAc 7S 

5 I 12 1960(108 BLOOD 51 
"30 8 911 0571 3 PbAe 75 

311 12 T960410B BlOOD 38 
1144 8 911 0610 3 PbAc 75 

38 12 19604108 BlOOD 38 
1121 8 911 0510 4 PbAc 22S 

9S 12 1!1604108 BLOOD 9S 
1116 8 911 0611 4 PbAe 225 

84 12 19604108 BlOOD 64 
1138 8 911-0581 4 PbAc 225 7l 12 19604108 BLOOD 73 
1149 8 911-0607 4 PbAc 225 83 12 T9604108 BLOI'ln 
1150 ft 911-ll609 4 PbAc 225 



-219.~~ber _s~lll.fl_e ___ r~t'!!_.F~f!__!!lalerlal administered dos~~ result d sourullle rea11source MATRIX -Value (ll!lfdlt • Hotel 

- - -- i166 ii !iii 551is ---- -- -· -· ·· · -· s Mur<~y Res Sool - --
\ 1~ 31 12 T96041 81.000 

1112 8 911 0561 5 Munay Res Soli 75 28 12 19604108 BlOOD 

1113 8911 O'S61 5 Murray R~s Sod 75 31 12 19604108 BLooD 

114 2 8 911 O'S68 5 Murray Res Sod 75 3 12 191104108 BLOOD 

1149 89110579 5 Mu01 ay RPs Sod 75 1 7 12 196114108 111.000 1.7 

1102 89110002 6 Mu<ray Reo s..• 225 7 12 191104108 I!LOOD 7 

1122 8 911 0575 6 Murray R~s Sort ns 45 12 19604108 BlOOD 4!j 

1128 8 911 0590 6 Mu01ay Res Snrl 225 7S 12 191104109 BlOOD 75 

114) 8 911 0569 6 Mu«ay Res Soil 225 84 12 T9604108 BlOOD 84 

1154 8 911 OSII4 6 Murray Res Soil ns 8 12 19804108 lltOOO 8 

1126 8 911 0572 7 Murray Res Sorl 67S 11S 12 191104109 BLOOD 115 

1137 6 911 0606 7 Murray Res Soil 67S 91 12 191104108 BLOOD 91 

1140 8 91 I 0001 7 M'"<ay Res Sod 67S 114 12 T9604108 ilt.cioo 114 

1141 8 91 I 0594 7 Murray Res Soil 67S 89 12 19804108 BlOOD 69 

1155 6 911 0562 7 Murray Res Soil 67S 81 12 1111104108. BLOOD 61 

1109 6 911 -063) I Control 0< 1 IS T91104109 BlOOD- OS 

1124 8 911-0659 1 C<rnlrol 0< I 1S T9604108 BLOOD OS 

1135 6 911 0638 I Conbol 0. 1 IS 191104108 BLOOO OS 

1139 8 911 0622 I Control 0 < 1 IS 191104108 BLOOD OS 

1151 8 911 0627 1 C<rntrol 0 ~ 1 IS 191104108 BLOOD OS 

11 OJ 8 911 0686 2 PbAc· 2S 21 IS T960410B BLOOD 21 

1104 6 911 0637 2 PI>Ac 25 18 IS 191104108 bLOOD 18 

1118 8 911-0665 2 ri>Ac 25 14 IS 191104108 BlOOD 14 

1117 8 911 0653 2 rbAc 25 32 1S 19604108 9l.OOD 32 

1118 6 911 0852 2 PbAc 25 29 1S 19604108 BLOoD 29 

1105 8 91 I 0660 3 ri>Ac 75 44 IS 1111104108 aLciOD u 

1123 8 911-0626 3PbAc 7S 38 1S 191104108 BLOOD 36 

1129 8 911·0631 3 PI>Ac 7S 49 1S l9fliu108 BLOOD 49 

1130 8 911-0843 3 PI>Ac 7S 49 1S 19604108 BLOOD 49 

1144 8 91\ 0632 3 PbAc 7S 4 1S 1111104108 tll.OOD 4 

1121 69110638 4 PbAc 225 108 IS 19604108 BlOOD 108 

1138 8 911-0650 4 ri>Ac 22S 74 IS 19&o4108 BlOoD 74 

:r I 138 8 911-0619 4 PI>Ac 225 114 IS 19604108 BLOOD 84 

1148 6-911 0657 4PbAc 225 Ill IS 191104108 BLOOD 98 

~ 1150 891Hl684 4 PbAc 225 108 1S T9604108 EILOOO 101 

"' It 08 8-911 0662 S Mooay Au Soil 75 89 1S l9604108 BLOOD 89 

Itt 2 8 911-06511 5 f,..,rray Res Soil 75 43 15 191104108 BlooD 43 

1133 8 911,0621 5 Murray Res Soil 75 41 15 1911041119 BlOOD 41 

1142 8· 911·0689 5 Murray Res Soil 75 4t 15 1911041119 BlOOD 4 I 

1149 8-911 -0648 S Munay Res Soil 7S 34 1S 1111104109 BLOOD 34 

1102 8911 0661 8 Munay Res Soil 225 54 15 19604108 EILOOD 54 

1122 6 911 0634 8 Murray Res Soil 225 63 15 191104108 Blocb 83 

1121 8 911-0620 II Murray Res Soil 225 87 15 19604108 BLOOD 87 

1143 8 911-0663 tl Murray Res Sail 225 71 IS 19804108 BlOOD 71 

115C 8 9110617 6 Munay Res. Soil 225 92 15 19804108 BlooD 12 

1128 8-911-0830 1 Mun~y Res Soil 875 11 15 19604108 BLOOD 11 

1137 6-911 0658 7 Murray Res Soil 815 lOS 15 19804108 BLOOD 105 

1140 8-911 0651 7 Murray Res So~ 675 127 15 19804108 BLOOD 127 

1141 8 9110668 1 Murray Res Soil 875 10 1S l9804108 8lo00 10 

1155 8911-0824 7 Mooay Res Soil 875 102 15 T960410B Bl.oOI) 102 

a Non -detecl!i e•aluated using 1 n the quanlilalion tim~. laboratory results (uglll conwrted to concenlra\ron in blood (ugrdL) lty dr.icmg by dilution raclof r:A 1 dUL 



TABLE A-4 BLOOD LEAD OUTLIERS 

test 

material 

Control 

Conii'OI 
Conii'OI 
Control 
Control 

Murray So•l 

MurraySo•l 

Murray Soli 

MurraySo•l 

Murra So1l 

Murray So•l 

Murray So•l 

Murray So•l 

Murl'8y So1l 

Murra S011 

Murray So•l 

Murray So1l 

MurraySo•l 

Murray Soli 
Murrav SO•' 

. · · · . · Flaggld Oata Po1nl$ 
----:]-,Outlllrs 

25 
25 
25 
25 
25 
75 
75 
75 
75 
75 

225 
225 
225 
225 
225 
75 
75 
75 
75 
75 

225 
225 
225 
225 
22~ 

675 
675 
675 
675 
6':'5 

0.00 
0.00 
000 

28.07 
2779 
2695 
28 98 
2680 
807.4 
8088 
79.01 
71.00 
8029 

22976 
25969 
245•8 
214 31 
215 95 
6810 
79.6.4 
83.05 
8550 
75 78 

211 75 
26779 
22506 
25269 
22019 
787 94 
690 6.4 
686.29 
64815 
693.46 

2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 

1135 
11lt 
1151 

.1103 
11M 
1111 
1117 
1118 

1105 
1123 
112t 
1130 
11 ... 
1121 
11H 
1131 
1141 
1150 
11DI 
1112 
1133 
1142 
1141 
1102 
1122 
1121 
1143 
111W 
11H 
1137 
1140 
1141 
1115 

• Av1rage Time and Weight-Adjusted Doa1 for &11:h "'I 

0.5 
0.5 
05 
0.5 
0.5 
05 
OS 
05 
1.2 
05 
0.5 
OS 
0.5 
05 
05 
0.5 
0.5 
0.5 
0.5 
05 
05 
05 
05 
05 
0.5 
0.5 
05 
0.5 
05 
05 
0.5 
0.5 ,.. 
0.5 
05 

-liluoy ..... MIIbpll 

0 

05 
0.5 
0.5 
05 
11 

OS 
05-

0.5 
05 
0.5 
0.5 
OS 
05 
0.5 

05 

05,_......;:-._ 
05 
05 
OS 
OS 
0.5 
05 
0.5 
05 
0.5 
0.5 
05 
0.5 
0.5 
0.5 
05 
0.5 
0.5 
05 
0.5 
05 
0.5 
0.5 
0.5 
0.5 
1.6 
1.2 

0.5 
05 
OS 
0.5 
3.3 ,.. 

2 
36 
45 
2.6 
0.5 
1.1 
0.5 
OS 
2• 
1.5 
1.9 
12 
27 
5.2 
3.2 .... 
2.9 ., 

A-47 

2 
0.5 
0.5 ' 

0.5 
0.5 
0.5 
0.5 
0.5 
05 
0.5 
0.5 
1.3 

2.7 
1.2 
28 , ... 
5.9 
29 
3.4 

5.2 
62 
27 
0.5 
21 
1.8 
24 
51 

5 
38 
3.4 
58 
7.9 
6• 
9.2 
5.8 
65 

ILDOD LEAD lugldLIIY DAY 

0.5 
0.5 
0.5 
05 
11 

1 

1.6 

05 
OS 
24 
2.8 
0.5 
1.9 
1 3 
5.9 
2.7 : 
43 
52 
54 
3.2 
05 
1.5 
1.6 

05 
3.2 
45 
31 

33 
56 
86 
61 
9.7 
61 
69 

1 
1 3 

0.5 
1.8 ,. 
3.4 
39 
27 
21 

0.5 
0.5 
05 
05 
1.5 
1.5 
0.5 
2.5 
1.2 
3.8 
.113 

3 
2.9 

0.5 
0.5 
05 
05 
1.6 
05 
05 
3.3 

21 
34 
3.3 

39 
3 1 

19 31 2 8 
9.6 7 6 8 8 

_:5-4:. '' <5.9: ___ - 5-8· 
6.5 5.9 :: .--· ::·:49 
84 8 8.3 
84 •' / th 103 

29 
2 

1 9 

1.2 
2.2 
76 

>c:3·. 
6.7 
57 
64 
97 

8 

10.5 
7A 
88 

24 
28 
31 

3.2 
2.2 

6 
4.7 
59 
5.3 

8 
109 
67 

11.3 
7.5 
79 

29 
2.8 
35 
19 
24 

7 
5.6 : 
54 
55 
65 

11 7. 
76 

11 7 

9.2 
7 

12 

05 
0.5 
0.5 
05 
05 
0.5 
1.2 
0.5 
3.5 

25 
5 

37 
51 
38 
38 
95 
6.A 
73 
8.3 

109 
31 

2.8 
31 

3 
1 7 

7 

·-'''"Ui 
75 
6.4 

8 
11 5 
91 

11 4 

89 
81 
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TABLE A-5 RATIONALE FOR PbS OUTLIER DECISIONS 

Pig#1118 
Group 2 
Dlly1 

Pig# 1118 
Group 2 
Day1 

The measured value for this data point was 12.6. This was deemed anomalous based on the individual animals dose-response 

trend, and based on values for other animals in this group. This animal was in the control group and was not expected to have 

this rise In blood lead. The value was interpolated to 0.5. 

The measured value for this data point was 5.8. This was deemed anomalous based on the individual animals dose-response 

trend, and based on values for other animals in this group. All animals In group 2 had non-detect levels of blood lead on days 0, 1, 

and 2 with the exception of #1118. This value was interpolated to 0.5. 

A-48 

l 



TABLE A-6 Area Under Curve Determinations 

Calculated using interpolated values for excluded data as noted in Table A-5 

AUClugldL·d~) For Time Span Shown 
AUC Tot group .~ 0-1 1-2 2-3 3-5 5-7 7-9 9-12 12-15 (ug/dl-da' 

1 1109 0.50 0.50 0.50 1.00 1.00 1.00 1.50 1.80 7.50 1 1124 0.50 0.50 0.50 1.00 1.00 1.00 1.10 1.50 7.50 1 1135 0.50 0.50 0.50 1.00 1.00 1.00 1.50 1.50 7.50 1 1139 0.50 0.50 0.50 1.00 1.00 1.00 1.50 1.50 7.50 1 1 151 0.80 0.50 0.50 1.00 1.00 1.00 1.50 1.50 7.80 2 1103 0.50 0.50 0.10 2.10 2.50 3.10 3.15 3.80 16.55 
2 1104 0.50 0.50 0.75 2.30 2.80 2.00 2.55 4.20 15.60 2 1116 0.50 0.50 1.05 2.10 1.00 1.00 1.50 2.85 10.50 2 1117 0.50 0.50 0.50 2.30 4.30 6.10 10.20 10.05 34.15 
2 1118 0.50 0.50 0.50 1.80 2.60 3.30 6.80 1.10 24.30 3 1105 0.50 0.10 1.15 5.10 7.20 7.20 12.10 14.10 50.15 3 1123 0.50 1.10 2.75 1.70 8.20 7.10 10.50 11.25 49.10 3 1129 0.50 D.l5 o.a5 3.20 5.70 8.80 13.50 15.00 46.50 3 1130 0.50 1.15. 2.35 4.00 s.oo 1.00 10.35 13.01 42.90 3 , 144 0.50 D.95 1.35 3.20 5.00 5.10 8.10 11.70 38.56 4 1, 21 1.90 4.10 1.80 15.10 17.20 16.40. 27.45 30.45 119.40 4 1136 O.S5 2.15 2.10 1.10 11.30 11.70 11.30 20.70 76.00 4 1 138 1.25 2.70 3.85 10.10 12.40 10.10 11.30 23.55 83.65 4 1146 2.05 4.40 5.20 13.80 16.40 11.30 :zuo 27.15 110.00 4 1150 2.50 5.35 5.80 13.10 20.10 22.00 31.10 32.55 133.90 5 1106 1.55 2.111 2.15 6.10 1.30 1.30 8.00 15.00 47.85 

5 1 1 12 0.50 uo 0.50 2.50 4.10 5.10 8.40 1D.I5 3345 5 1133 0.10 1.10 1.10 3.40 5.00 1.80 1.10 10.10 39.90 
5 1 142 0.50 1.15 1.70 2.10 4.40 5.10 7.35 10.111 33.65 
5 , 149 0.50 1.45 1.411 2.70 4.40 4.10 6.15 7.15 28.90 
6 1 102 1.45 3,75 4.15 10.80 13.10 13.00 21.00 18.10 86.35 
6 , 122 1.00 3.25 4.711 1.80 9.00 10.30 15.15 16.20 68.45 
6 1, 28 1.20 2.15 3.45 9.10 12.10 11.30 11.35 24.30 84.85 
6 1 143 0.85 2.30 3.35 1.00 11.00 10.80 17.111 20.25 75.40 
6 1, 54 1.60 4.25 5.70 12.00 14.40 14.10 21.71 25.10 100.00 
7 1126 2.85 6.55 ·L211 11.30 20.10. 22.10 34.90 33.75 147.70 
i 1, 37 1.85 4.80 6.25 14.10 14.70 14.30 25.05 29.40 110.45 
7 , 140 2.45 6.80 1.41 20.20 21.10 23.00 34.65 36.15 154.50 
7 1, 41 2.25 4.35 5.95 13.50 14.10 16.70 27.15 ·28.35 113.15 .. 1, 55 2.65 5.30 6.70 15.70 16.70 14.80 22.15 27.45 , 12.05 
I 
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TABLE A· 7 TISSUE LEAD DATA 

lQM'nrnenr 1 1 (Car:;o nm shown far grcup1 8. 9. & 1 0) 

p•p number ••me•• pro up material administered dosage Qualifier result clay 1aurce file MATI'IIX AdJusted Value ' Nates 
, , 09 6-1111·0843 1 Cantrcl 0 3.2 15 T960501F l=EMUR 1.6 i 1 12~ Ml1 1.08311 1 Control 0 c 2 15 lVIIOS01F FEMUR OS I 1 135 6-91 1 ·0832 1 Cantral 0 .. 2 15 Tlle0501 F FEMUR 0.5 ',' I 
1139 6-1111.()851 1 Control 0 .. 2 15 T960501F FEMUR 0.5 

; I 1151 6-1!11.()812 1 Control 0 .. 2 15 T960501F FEMUR 0.5 i i 1103 6-81 1.()831 2 ~IIAC 25 2~ 15 T960501F fi3\AIJR 1.2 
1104 &.911.()856 2 PbAc 25- 3.8 15 TII80501F FEMUR , 8 
1118 6-811.()828 2 PbAc 25 32 1!1 TM0501F FEMUR 1.8 
1117 6-lil11.oac2 2 PIIAc 25 '1.11 15 TIIIIO!I01 F FeMUR 2~ 11111 &.911.()855 2 ~IIAC 25 ~.2 15 TIIIIO!I01 F FEMUR 21 
11 OS &.81 1 -0858 3 PbAc 75 9.3 15 T960S01F FEMUR 4.85 
1 123 8-81 1 ·0825 3 PbAc 75 7.2 15 TSIIS0501 F FEMUR 38 
112e S.lil11.o833 3 ~Ac 75 12 15 T960501F FEMUR s 
1 130 &.81 1.oac~ 3 Pr.Ac 75 8.5 15 TlleOS01 F I'EMUR ~.25 
1 144 6-811.oacs 3 PIIAc 75 81 15 T960S01F FEMUR ~-OS 

li 
1121 6-811.0S22 -' ~Ac 225 38.8 15 roeo501F I=EMUR 1lil~ 
113S S.lil11.o82e ~ PbAc 225 23.5 15 T0e0!101F FEMUR 11 75 
1138 6-81 1.()837 ~ PbAc 225 28.3 15 T1180501 F FEMUR 1315 
11~S 6-ll11.oeN 4 PbAC 225 31.5 15 TIIIIO!I01 F FEMUR 15 75 'I 1150 6-81 1.()816 4 PbAc 225 33-' 15 TVII0501 F FEMUR 1117 -! .,I , 011 6-111 1 .()81 !I 5 Murr~~y Res Soil 75 ~1 15 'THOS01F A:MUR 2.05 
1112 6-811.()850 5 Murr~~y Res. Soil 75 74 15 TIIIIO!I01 F fi3\AUR 37 
1 133 &.91, .()830 5 Murrlly Rei. Sao! 75 .u 15 TIIIIO!I01 F l'EMUR 43 
11~2 6-1111.()8.115 5 MUrrlly Res Soli 75 11.2 15 TM0501F FEMUR 31 
, , "'" S.lil1, ·0835 5 Murrlly Res. Soil 75 5.2 15 TM0501F FEMUR 2.S 
1102 S.lil11-0823 II Murr~~y Res Soli 225 ,.Iii 15 r;eoso1F FEMUR 7 ~5 
1122 &.911.()817 8 Murr11y Rei Soil 225 12 15 TSIIS0501 F FEMUR II 
, 128 1-111 1 .oaco 6 Murray Res. Soil 225 127 15 TIIBOS01F FEMUR 8.35 , ,.3 &.111 1·oa82 8 Murray Res Soil 225 151 15 TIIIIO!I01 F FEMUR HIS 
1 1~ 6-911.oe58 15 Murray Res Sool 225 18.3 15 TIIIIO!I01 F fEMUR 11.15 
1128 S.ll11.o821 7 Murny Rn Soil 875 28~ 15 Tll80501 F J'EMUR 13.2 
1137 8-911.011~ 1 Murr~~y Res. Soil 875 23.8 1!1 T880501F I'EMUR 11 8 1 uo 8-111 , .oac 1 7 Murray Re5 Sail 875 317 15 T860501F FEMUR 15.85 
11~1 8-1111.()852 7 Murr~~y Res Sool 875 25 15 TM0501F FEMUR 12.5 
11!15 8-911.()1118 7 Mum.y Res Sool 875 20.3 15 TM0501F FeMUR 1015 
1109 8-1111.()800 1 Control 0 1.3 15 T980420K ~EY 13 
1124 S.lil11.om 1 Control 0 211 15 T98()4201( KlDNEY 2lil 1 1 35 8-91 1 .0780 1 Control 0 3 15 TleiW20K KIDNEY 30 
1139 11·811-0765 1 Conrrol 0 .. 2 15 T9S0420K KIDNEY 10 :::: , 151 8-91 1.()1105 1 ::antral 0 1 5 15 TII80420K KIDNEY 15 ~ J 1103 8-911-0778 2 Pr.Ac 25 3.8 , !I Tli8G420K KIDNEY :!II .1'1 
1104 8-911-0786 2 Pr.Ac 25 1~· 15 Tli8G420K KIDNEY 144 ,I 

•I 1116 &.1111-07113 2 PbAc 25 3.1 15 T9S0420K KIDNEY 31 1,!: 
:li 1 1 17 8·111 1 ·0759 2 PbAc 25 35 15 Tli8G420K KIDNE'f 35 'I 1118 8·1111-0787 2 PbAc 2!1 1•.11 15 l11S0420K KIDNEY 1d 
Ill 1105 8-1111-07115 3 ~Ac 75 114 1 s l11S0420K KIDNEY 8ol I' , 123 11·91 1.07111 3 ~IIAc 75 123 15 l11S0420K KIDNEY 123 

1129 11-811·0802 3 ~bAc 75 22.11 15 l11S0420K KIDNEY 228 .'!. 
1130 8-1111·0781 3 ~bAc 75 10 15 Tli8G420K KIDNEY 100 
,, •• S.li!11-0782 3 PbAc 75 18.3 15 T980420K KIDNEY 183 
1121 8-911-0797 4 ~IIAc 225 5118 , 5 l11S0420K KIDNEY Slilll 
1 , 313 8·91 , ·0770 4 ~IIAc :::!5 :zes 15 Tli8G420K KIDNEY :zes 
, 138 8·111 1-0801 4 ~IIAC 225 30.2 15 TM0-'20K KIDNEY 302 
1 1~6 8-911.0771 4 Pr.Ae 225 27 15 l11S0420K KIDNEY 270 
, , 50 8-91 1-079:2 4 ~bAc 225 su 15 T980420K KIDNEY 5lilll 
, 106 8·1111·0804 5 Mum.y Ra$ Sool 75 114 15 TM0-'20K KIDNEY ,,~ 

1 1; 2 8·111 1-0793 5 Mu,..y Res Sool 75 16, 15 Tli8G420K KIDNEY 1111 
, , 33 B-111, ·0773 5 Murray Res Soil 75 13.5 15 TM0-'201< KIDNEY 135 
1142 &.liJ11.oe1, 5 Mum.y Rei Sool 75 129 15 TM0-'201< KIDNEY 129 
1149 8-911-0807 5 Murr•y Rea Soil 75 7.11 15 TM0-'20K KIDNEY 78 , oz 8·91 1.0776 6 Murny Res Sool 225 18.2 , 5 Tli8G420K KIDNEY 1112 
112:;? 8-1111.oBC3 6 Murray Rei Sool 22!1 1113 , 5 Tli8G420K KIDNEY 183 
1128 8·91 1.01109 6 Murray Res Saol 225 :ze.e , 5 Tli60420K KIONEY 2lil6 
1 U3 6-91 1 -07118 6 Mum.y Res Sool 225 17~ 1 5 Tli8G420K KIDNEY 174 
1154 11·1111.0795 8 Murray Res Sool 225 3Ciil 15 Tli8G420K KIDNEY 309 

I 1, 26 8·1i11 1 ·0794 7 Mum.y Res Sool S75 27.7 15 T9S0420K KIDNEY m 1 1, 37 6-111, ·0790 7 Murr•y Res Sool 675 445 15 TIII!OoC201( KIDNEY 445 
1, •c 8·91 1 .oeoe 7 Murr~~y Res Sool 675 52'1 15 TMD-'20K KIDNEY 52~ 
1141 8-91 1-077'1 7 Murr~~y Res Sool S75 256 15 TII8042CK KIDNEY 256 
1, 55 11·91 1 -0789 7 Murray Res Soli 1575 272 15 1VI50420K KIDNEY 212 
1109 11-911-075C 1 Control 0 < 2 1 5 TII80420L UVSI 10 i·i'l 1124 8-911-0730 1 Comrol c 215 15 TVI!0420L LIVER 215 
1 1 35 8·91 1 ·OU4 1 Conrrcl 0 < 2 15 T9S04201. LIVER. 10 
1139 6·1111-0716 1 Control 0 < 2 1 5 T96C.c20L I.IVER 10 
1, 5~ 8-111,-0706 1 Contro• 0 < 2 1 5 Tli80420L liVER 10 
110~ 6-911-0708 PoAc 25 6 1 5 Tlii60420L UVEI'I 60 
·•o~ 6·11"·0735 PoAc . 25 11 3 15 lV60420L UVER 113 
"16 B·ll' 1 ·0138 PoAc 25 :24 15 T860420L uv~ 24 
, '1 ~.., s.;1 , .o:-:: PoAc 25 3.2 15 T860420L UVSI 32 
• 1 1 B B-111 1 ·075~ PoAc 25 10 1 5 Tlil60420'- UVER 100 

l 
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11 8· 11· 
1123 8-91 1·0UO 
1 129 8·91 1 .0758 
1130 8-1111.0748 
1 144 8·111 1 .075<1 
1121 8-1111·0741 
1138 8-911·0727 
1138 8-1111.0720 
1146 8·911·0747, 
1150 8·1111.0717 
1106 8-911·0737 
1112 8-911.0710 
1133 S:911.Q7111 
1142 8-1111.()745 
11411 8-1111.0736 
1102 8-1111.0753 
1122 8-911.0714 
1128 8-911.()7011 
1143 8-1111.0724 
115<1 8-1111.07411 
1126 8-1111.0723 
1137 &.1111·0733 
1140 &.111 1.0713 
1141 8-1111.0758 
1155 &.1111.07111 

material adrnlntsta .. d 
bAc 

3 F>t>Ac 
3 PbAc 
3 PbAc 
3 F>oAc 
4 PbAc 
-4 F>bAc 
4 PIIAc 
4 PbAc 
4 PIIAc 
5 Mur,.y Ras Sod 
5 MUII'Iy Flas Soil 
S MUII'Iy Flas So•l 
S MUII'Iy Rea Soil 
5 MUII'IY Rea Soil 
II MUII'IY Res Soil 
15 MUII'Iy Fla& Soil 
6 Mull'ly Reo Soil 
6 Mull'ly Res Soil 
6 MUII'Iy Res Soli 
7 Mull'ly Res. Soil 
7 Mull'ly Res Soil 
7 MUII'IY Res. Soil 
7 Mu,.yRea Soil 
7 Murray Ras So•l 

75 
75 
75 
75 

225 
225 
225 
225 
225 
75 
75 
75 
75 
75 

225 
225 
225 
225 
225 
675 
675 
1175 
1175 
675 

Swine SWay Phase II Ex!> 1 1 

41 
115 

11 8 
11.8 
7.5 
7.1 

16.2 
236 
28.2 

24 
211.15 
.... II 
.... 2 

64 
307 

35 

•ource flle 
1 i60420L 
1 5 Tll80420L 
15 T$80.420L 
15 T$80.42QL 
15 T9110420L 
15 T$80.420L 
1 5 TII60420L 
15 TIIII0420l 
15 TII60420L 
15 TII60420L 
15 TIIIID420L 
1 5 TII60420L 
15 T$80.420L 
15 TVI!(W2QL 
15 11111CM20L 
15 TV60c20L 
15 TIII!Ool20l 
15 Tll60420l 
15 TII60420L 
1 5 T9110420L 
15 T9110420l 
15 Tliiii0420L 
15 TVe042DL 
1 S TII60420L 
15 TVI!(W20l 

MATftiX 
UVER 
UVER 
UVER 
UVER 
LIVER 
LIVER 
LIVER 
UVER 
UVER 
UVER 
UVER 
UVER 
LIVER 
LIVER 
LIVER 
UVER 

.ovER 
.UVER· 
UVER 
UVER 
LIVER 
.UVER 
UVER 
LIVER 
liVER 

Ad usted Value ' 
7 

52 
145 
74 

177 
460 
178 
340 
223 
410 
65 
116 
1111 
75 
71 

11!12 
236 
282 
240 
2116 
... 6 
442 
840 
307 
350 

• Non-datec:l!l 1111luateG u11ng 112 the Quanlll:lbon llrnll ~...,_ry reault$ (ug/L) converted ID br.sue concen1n1vons by d1V1d1ng oy HmPie diiUIIOn hoctc"' of 
0 1 kg/L (l,..r, k•Ciney) or 2 giL (ashed IMine) F1nal units ,,. ug Plllllg- we•tnt (l,..r. IUdney) or ug Pblg ashed IMine (femur) 
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Swine SNdy p,..,. II Exp 1 1 

TABLE A·B SUMMARY OF ENDPOINT OUTLIERS 

test 

m•teri•l 

Control 

Control 

Control 

Control 

Control 

PbAc: 

PbAc: 

PbAc 

PbAc 

PbAc: 

PbAc: 

PbAc 

PbAc 

PbAc: 
PbAc: 

PbAc: 

PbAc 

PbAc 
Pb~ 

PbAc 

Mul'l'llySoil 

Mul'l'llySoil 

Mul'l'llySoil 

Murny Soil 

Murny Soil 

Murny Soil 

Murny Soil 

Murny Soil 

Murn~ySoil 

Murrey Soil 

Murray Soil 

Murray Soil 

Murray Soil 

Murray Soil 

Murn~ySoil 

.._ ___ _,! Selected Outliers 

target Actu•l 

dos•ge Dose• group pig# Blood 

0 0.00 1 11011 7.5 

0 0.00 1 112. 7.5 

0 0.00 1 1135 7.5 

0 0.00 1 1131 7.5 

0 0.00 1 1181 7.8 

25 28.07 2 1103 16.6 

25 27.79 2 110-' 15.6 

25 26.95 2 1111 10.5 

25 28.98 2 1117 34.2 

25 26.80 2 1118 24.3 

75 80.74 3 1105 !50.2 

75 80.66 3 1123 .9.1 

75 79.01 3 1121 46.5 

75 71.00 3 1130 42.9 

75 80.29 3 ,, .. 36.5 

225 229.76 4 1121 119.4 

225 259.69 4 1131 76.0 

225 2.5.48 4 1138 83.7 

225 214.31 4 114& 110.0 

225 215.95 4 1110 133.9 

75 68.10 5 1106 47.9 

75 79.64 5 1112 33.5 

75 83.05 5 1133 39.9 

75 85.50 5 11.2 33.7 

75 75.78 5 11.9 28.9 

225 211.75 6 1102 86.4 

225 267.79 6 1122 68.5 

225 225.06 6 1128 &4.9 

225 252.69 6 1143 75.4 

225 220.19 6 11M 100.0 

675 787.94 7 1121 147.7 

675 690.84 7 1137 110.5 

675 686.29 7 11.0 154.5 

675 648.15 7 ,,., 113.2 

675 69346 7 1155 112.1 

a a pnon outlier determinations (none Hlected in this study) 

b Outside 95'111 Prediction lntervels 

lb 

9 

MEASUREMENT ENDPOINT 

Femur Liver Kidney 

1.6 10 13 

0.5 26 29 

0.5 10 30 

0.5 10 10 

0.5 10 15 

1.2 60 36 

1.9 113 144 

1.6 2" 31 

2.4 32 35 

2.1 100 t•a 
4.65 67 94 

3.6 52 123 

6 1.5 228. 

4.25 74 100 

4.05 1n 163 

19.4 lb 460 599 

11.75 jb 178 lb 295 

13.15 340 302 

15.75 223 270 

16.7 410 599 jb 

2.05 65 114 

3.7 118 161 

4.3 118 135 

3.1 75 129 

2.6 71 78 

7.45 162 192 

.6 236 183 

6.35 282 296 

7.55 240 174 

9.15 296 309 

13.2 446 2n 

11.8 442 445 

15.85 lb 640 lb 524 jb 

12.5 307 256 

10.15 350 2n 
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TABL.E A-9 CAL.CUL.ATION OF RBA FOR Murray So•l 

For • ,.,.. llf ...... ww til,.,.,..... ..... ,. .... ~ to .... ..,.....,.,..,.... 'fterft ••• ._,_, 
P:tW 11Cft ,.'""'' ca~t•d. 1M •• or ll.teraftCt ,..,..,., Wllef'l._..a rtlul "..., . ..,... ,.,.... • ~~~d 1llo ,..,. tiiM -• •llloft-llo 01-lf UA l~t!Dooo/T .. Oootl 

Cwwft ..._ ... ---· - ·-- -• Ul • • 0 • • 1524 • • O.OIM5 • 
~ -• ... I • 0 • • IS3 • • 0 0035 • 

T~I.IICATION LIIIIT$ 

-~--22.110oot-
1114 Dou Soi 

_ ..... 
~· .. "" ... 

1-,:7 1101 !!II 
IUt 20.22 

tO 22.11 21.10 
10 27.13 n.r.. 
10 31.17 tO 15 
7D :lUI «13 
10 Hit u.:re 
Ill tH2 1177 
100 0$71 ee.n 
110 till 72.15 
120 52.01 7100 
130 1510 lUI 
toO 11.00 11 II 
150 10.10 17.15 
110 lUI 100 II 
HD N12 IID.:W 
110 Nl5 11147 
110 11.01 122.55 
200 13o3 ~~UI 
~ID 7571 I:W.$7 
220 1ae ItO $1 
230 10.02 loooO 
:reo ·~ 01 

1542• 
250 10.00 151 D3 
210 15.10 11311 
270 "" ..... 
210 lUI IU07 
210 II 21 11015 
lDC 1210 Ill II 
310 II< !.I 111 n 
3~~ 1101 111 0] 
330 1151 202.31 
:wo H02 20711 
]50 lOOt I 21211 
:rea 101 7! 21101 
370 103.05 223 II 
:liD 104 30 22121 
JIC 105 !I 233 ,, 
•oc lOIII 231 II 
tiC 107" 2.211 
t2~ IDIIO 2•715 
•lC 10115 2!2 Ol 
ooO liD 17 257,. 
oso Ill I$ ,.,,. 
dC 1121i 2$121 .,c IIlii 27013 
tiD ,,. IG 275 u 
.I() IIU• 2710 
500 fll37 21312 
!10 117 •• 21711 
520 11713 212 00 
53C 1111' 21110 

11<011 ,1, .c 300 II 

~.~ ... K....,. - -001 • 5.11 • 22-5~ 
UU3 • u:re • to !.I 

0 • 0 • D 
0 • 0 • 0 - s... 

001 I Ul • 23.5~ 
0 • D b D 

12.13 • 43U • :rt3.3 
ooon • 0 0032 • 0 00!.1 

0oot1t1.,._ 
:rt.l7311._11.., 2.11 Oooo- 21.:rt :IIIL-IIoo 

WO II ""'ltosp 117 Doto $tO c::::Im•~ ... 

__~_-
II .. .. •• ' ... • 01 l':'" Lil n ... ~-U u:io"' O.d7 .tO· 2.00 U.14 U2 

G.l7 10 2.H 3US 0.11 30 
0.17 10 2-70 3511 0.10 .tO 
017 7D 3.03 41.U D.51 10 
0-17 10 3.3d AUI o.se 10 
017 10 U7 51.53 0-57 70 
o.H 100 3.17 IUD o.s• 10 
o.H 110 U7 1111 051 10 
0.11 120 4.15 1517 05$ 100 
OH 1:10 4.13 70 01 O.N 110 O.H 140 501 7t.:re 0.5:1 120 
D.l5 110 535 71.$1 0.52 1:10 
D.l5 110 uo 12.52 0-52 100 us 110 510 lOti Oil 110 
085 110 tOI 1017 D.50 110 
D.l5 110 t.:IO 13.12 OAI 170 
010 200 1.52 17.]5 o.ol 110 
DIO 210 17o 10077 DOl 110 
010 :tiD 1.10 104 01 041 200 
010 no ,. 107.:11 007 210 
0.10 :reo 7.:W tiD .tO Dol DO on 250 7.5:1 Ill .tO Dt5 2lO 0.13 :reo 711 111.32 O.o5 :reo 
0-13 210 7.11 Ill. It D ... 210 01] :110 105 121.11 Ooo :reo o.n :110 1.22 UU2 DOl 210 
012 :100 Ul 1~7.01 002 210 
012 liD 1.5:1 121-57 002 210 
01: 320 Ill 1]1.t7 041 300 
U2 ,30 IU I:W.30 Ool 310 
0 II :wo 1.11 1:11.51 DOD 320 
Oil 310 liD 1:1111 000 330 
Oil 310 1.20 100.11 Ul :wo 
Oil 310 t.:re 102.11 Oaf l50 
OIC :110 ... looiO Ul HO 
0 ID 310 Ill loU~ D:re 310 
DIO tOO U2 l<te .. 0 ]7 :reo 
oeo •IO 110 IIO<te 0 37 310 
0 51 42D 110 1!2.2l 0.:11 ODD 
O.SI 4JC 10.05 15U2 D.H olD 
0 !I ooD 1015 155.51 o.n o2D 
Ul dO 10 25 15715 D.U 030 
0!8 .. a IOn 151.11 o.:w 000 
D51 070 10 .. 110 11 o.:w 050 
0$1 410 ID.$3 111.11 o:w oiO 
0 57 410 1012 1UOI on 070 
D51 ·500 10 70 IIOH 0 33 olD 
057 510 10" 11U7 U2 oiO 
0$1 !20 1010 INIO 0.32 500 
051 !30 10 ... llll1 D.J2 110 
OSI !olD u.c:n Ill 3d 0.31 120 
0 II 150 1101 110!1 0 31 5l0 

HO 1115 111.U 0.31 NO 
$70 11.22 17270 O.JC 550 
510 11.21 11:11! D.30 510 
110 II.J5 ,,. 71 OlD 570 
100 1t ,, 11$1$ 0.21 110 
liD 1147 17170 0.21 510 
120 II 53 11112 021 100 
d30 11.51 171tl 0.21 ' 110 
100 1110 11137 0-21 120 
150 !!.II IIC ll 0.21 llO 
liD 11 14 Ill 02 0 27 .. o 
170 "" 111 ·~ 0 27 no ... ~ ''II; 112 !I Cl' 110 

110 
115 

•• 
~:~~ 
U41 
57.10 
11.10 
11.31 
IU2 
103AI 
llo.OI 
12t.21 
I:W.OI 
IU.I5 
152.11 ,.,_. 
11D.57 
111.11 
117.13 
115.113 
202.11 
210.01 
211.25 
220.11 
2l0.12 
237 .• ] 
U37t 
Ul.l5 
25577 
211.50 
217.0$ 
212.0:1 
217.13 
:112.11 
:117.51 
212.21 
211.17 
301.31 
lOU I 
lOI.T7 
31].10 
]17.70 
321.« 
325.1$ 
321 ... 
]32 I) 
:13!05 
UIH 
:WIIO 
:W ... 2 
30771 
3$0.51 
:15].]3 
31!.H 
:151.51 
HIOI 
3dU7 
]1511 
HI.OI 
31D.27 
312.4D 
]7001 
]7tot ],._,. 
310.25 
3d201 
3l)l2 
:115$1 
:117 II 
]1711 

. .... ....... .. ·- ... ... . . . .. ••• 18.27· D!~ 2~~ :::~ ~~~; 1.02 
11.!.1 0.11 1.01 
25.10 0.11 40 71.51 U.ll D.ll 
:w.oa D.l5 10 11.13 417l 015 
41 ... 0.10 Ill lOUD 15.13 0.13 
ol.4l 0.12 70 114.15 IUD 0.11 
5111 D.ll Ill 12542 7011 0.11 
lUI 0.10 Ill UUl 77.15 O.H 
70.11 D.11 100 loU I .. 11 0.10 
77AI 0.71 liD I SUI 10.35 0.12 a.• 0.71 120 112.tl ... 20 010 
10.n 0.75 130 17047 101.75 071 
IUD Uo 100 171.11 101.00 D. 'It 

102.11 D.13 150 115.35 Ill ... 0 75 
107.17 0.72 110 IU.21 IIUD 013 
lll.:re 0.11 170 11111 121.11 011 
111.72 0.70 110 204.17 125.00 0?0 
12].10 0.11 110 210.70 121C2 0 ... 
1:1111 0.11 200 21e.2l 1]3.22 011 
IU71 U7 210 221.0$ 1]112 015 
IHU D.N 220 221.42 100.23 0.10 
143.01 us 2lD 231.12 10:1.1 0.12 
loH2 0.10 - 2:15.11 1«.12 0.11 
151.10 '0.1] 250 2:11.71 lotol UD 
115.12 O.U :reo Ul.11 152.17 0.11 
151.12 •••• 210 U7.51 15o.7t 0.51 
113.70 0.11 210 25111 157.25 D.ll 
11704 0.10 :110 214.17 IIIII 055 
UI,OI O.H :100' 257.11 111.10 0!.1 
174.12 0.11 liD :110 ... IIHO O.ll 
111.0] D.57 l20 :11].13 lt5.H 0.!2 
III.U D.$1 l30 2Nt1 117.77 0.11 
1 ..... 0.51 :wo 211.01 111.11 D.50 
111 ... O.H ]50 27U2 111.25 001 
110.10 0.!.1 310 213.15 17U5 0.41 
11:1.!.1 D.N 310 211.01 11tH 007 
IN.ld 0.5:1 liD 27t.l5 11!10 au 
11101 0-52 liO 2101) 11111 04! 
201.73 D.52 oDD 212.01 11101 D•s 
200.21 Ul 010 213.11 111.11 Ooo 
201.71 0.50 o20 21547 110 ... 003 
20117 050 o30 :117.01 111 ... 0.•2 
21Ut Dol 000 211.51 IIUI 002 
2U74 DOl o50 :rto.OI 11:1 II 001 
215.12 ou - 211.37 110.11 000 
211.113 0.01 o70 212.15 IH7t UD 
220.01 007 010 21U7 11112 D31 
222.01 Dol oiO 215.02 117 •• D.31 m.• 001 100 211.12 IIIII OH 
225a 041 110 217.15 111.11 0 ]7 wn 001 120 21110 IH.55 O.H 
2]1.]7 0 ... SJO 211.07 110 II O.H 
2]1.01 ooo 100 211.15 110.10 0.3! 
2l2 70 DO) 110 30011 111.37 0,35 
2:14.21 043 510 301.17 ltl.ll 0.:14 
2lUI 0.42 51D 302.:12 IIHl D.:W 
2]7.30 042 110 30].0) 112.12 0.)3 
2]170 001 110 30]11 113.31 0.33 
U013 ot• 100 304.:W 113.12 O.l2 
24141 000 110 :104.15 110.23 0.32 
202.11 000 120 ]05 52 lllll 0 ll 
:10005 0.31 tlO lOIOI 115 DO 0 )I 
2t5.21 0.:11 100 l0157 115 3$ 0 31 
24UI 031 110 l0701 11511 0 30 
207 II D 31 110 301.Sl 11101 0 30 
24112 O.af 170 307.11 1M.31 0 21 
24110 0.)7 17! lOIP .... s O:!V 
25C 33 0 ]7 
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1132 
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1144 
1153 
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1122 
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TABLE -A-11 INTRALABORA TORY DUPLJCA TES 

RPD =Relative Percent Oillerence 

RPD = tOO'{Orig-DupJ!((Orig+Dup)/2 

material administered do matrix Du IK:ate Value' 

Control 0 BLOOD 0.5 

PbAc 225 BLOOD 0.5 

Murray Res. So~ 675 -4 BLOOD 0.5 

PbAc 25 0 BLOOD 0.5 

NIST Paint 7S 0 BlOOD 0.5 

NIST Paint 675 0 BLOOD 0.5 

PbAc 25 1 BLOOD 05 

NIST Paint 225 1 BlOOD 1.2 

NIST Paint 675 1 BLOOD 6.8 

Control 0 2 BLOOD 05 

PbAc 75 2 BlOOD 1_7 

NIST Paint 75 2 BLOOD 2.6 

PbAc 75 3 BLOOD 1.4 

Murray Res. Soil 225 3 BLOOD 4.9 

NIST Paint 75 3 BLOOD 1 

PbAc 75 5 BlOOD 2.4 

PbAc 225 5 BLOOD 6.6 

Murray Res. Soli 225 5 BLOOD 6.5 

Murray Res. Soil 675 7 BLOOD 7 

NISTPaint 225 7 BLOOD 10.2 

NISTPainl 675 7 BLOOD 12.2 

Control 0 9 BLOOD 0.5 

PbAc 25 9 BLOOD 1.9 

Murray Res. Soil 75 9 BlOOD 3.1 

PbAc 25 12 BlOOD 4.1 

Murray Res. Soil 225 12 BLOOD 7.4 

Murray Res. SoA 225 12 BLOOD 6.9 

Control 0 15 BlOOD 0.5 

PbAc 225 15 BLOOD 7.9 

NIST Paint 225 1S BLOOD 7 

Control 0 15 FEMUR 1 

PbAc 25 15 FEMUR 4.1 

NIST Paint 75 15 FEMUR 5.4 

Conlrol 0 15 KIDNEY 1 

PbAc 25 15 KIDNEY 13.2 

NIST Paint 75 15 KIDNEY 6 

Control 0 15 LIVER 1 

PbAc 25 15 LIVER 13.8 

NIST Paint 75 15 LIVER 6.9 

• Non detects evaluated at 112 OL 

Or" inal Value• Avera e RPD 

0.5 0.5 O'lL 

05 0.5 0% 

0.5 o_s 0% 

OS OS 0% 

05 0_5 O'lL 

05 0.5 0% 

0.5 o_s 0% 

1.3 1.25 8% 

6 6.4 -13% 

0.5 0.5 0% 

1.4 1.55 -19% 

0.5 1.55 -135% 

2.8 2.1 67% 

4.S 4.7 -9% 

1.4 1.2 33% 

2.7 2.55 12% 

6.5 6.55 -2% 

6.4 6.45 -2% 

6.7 6.85 -4% 

9.1 9.65 -11 '!(, 

12 12.1 -2% 

0.5 0.5 ()'!(, 

2.1 2 10% 

3.5 3.3 12% 

35 3.8 -16% 

7 7.2 -6% 

6.4 6.65 -8% 

0.5 0.5 0% 

7.4 7.65 -7% 

6.6 6.8 -6% 

1 1 0% 

1.9 3 -73'11. 

3.3 4.35 -48% 

2.9 1.95 97% 

14.4 13.8 9% 

5.9 5.95 -2% 

2_6 1.8 89% 

11.3 12.55 -20% 

76 7.25 10% 

Av RPO 

-3% BLOOD 

-41% FEMUR 

35% KIDNEY 

26% LIVER 



Measured• Nominal 

I. Sample 10 Day Q LowStd Med Std. Hlah Std Low Std Med Std Hiah Std 

11.1 -4 3.7 1.7 4.8 14.9 
11.1 0 3.1 1.7 4.8 14.9 

'11.1 1 < 1 1.7 4.8 14.9 
11.1 3 1.3 1.7 4.8 14.9 
11.1 9 1.5 1.7 4.8 14.9 
11.2 -4 5.2 1.7 4.8 14.9 
11.2 0 4.7 1.7 4.8 14.9 
11.2 1 5 1.7 4.8 14.9 
11.2 2 4.9 1.7 4.8 14.9 
11.2 5 4.1 1.7 4.8 14.9 
11.2 7 3.8 1.7 4.8 14.9 
11.2 12 4.8 1.7 4.8 14.9 
11.2 15 4.3 1.7 4.8 14.9 
11.3 2 14.9 1.7 4.8 14.9 
11.3 3 14.3 1.7 4.8 14.9 
11.3 5 10.1 1.7 4.8 14.9 
11.3 7 18 1.7 4.8 14.9 
11.3 9 14.5 1.7 4.8 14.9 
11.3 12 14.8 1.7 4.8 14.9 
11.3 15 16 1.7 4.8 14.9 

Avg 2.12 4.6 14.66 

• Non~detects evaluated at the detection limit 

A-56 



:r 
Ul ...., 

TABLE A-13 INTERLABORATORY COMPARISON 

Tag Pig Group Material Dosage 
Number Number Administered 

8-911-0120 1143 6 Murray Res_ Soil 225 
8-911-0125 1103 2 PbAc 25 
8-911-0171 1121 4 PbAc 225 
8-911-0194 1113 10 NlST Paint 675 
8-911-0217 1106 5 Murray Res. Soil 75 
8-911-0274 1140 7 Murray Res. Soil 675 
8-911-0281 1108 9 NlST Paint 225 
8-911-0288 1138 4 PbAc 225 
8-911-0330 1148 8 NlST Paint 75 
8-911-0389 1133 5 Murray Res. Soil 75 
8-911-0391 1130 3 PbAc 75 
8-911-0425 1124 1 Control 0 
8-911-0427 1146 4 PbAc 225 
8-911-0472 1118 2 PbAc 25 
8-911-0481 1137 7 Murray Res. Soil 675 
8-911-0518 1141 7 Murray Res. Soil 675 
8-911-0520 1130 3 PbAc 75 
8-911-0573 1139 1 Control 0 
8-911-0612 1129 3 PbAc 75 
8-911-0628 1123 3 PbAc 75 
8-911-0664 1150 4 PbAc 225 

Qualifier Result 
CDC EPA CDC EPA Average RPD 

< < 0.6 1 0.8 50 
< < 0.6 1 0.8 50 
< < 0.6 1 0.8 50 
< < 0.6 1 0.8 50 

< 0.6 1 0.8 50 ' 
4.4 4.4 4.4 0 
2.3 2.1 2.2 -9 
3.8 3.4 3.6 -11 
1.8 22 2 20 
1.9 1.5 1.7 -24 
2.2 1.9 2.05 -15 

< < 0.6 1 0.8 50 
8.3 8.4 8.35 1 
2 1.2 1.6 -50 

7.5 6.7 7.1 -11 
10.1 9.2 9.65 -9 
3.6 3.1 3.35 -15 

< < 0.6 1 0.8 50 
5.2 5.1 5.15 -2 
3 3.8 3.4 24 

10.7 10.8 10.75 1 
--
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FIGURE A-1 PbAc Groups by Day 
Raw Data 
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FIGURE A-4 Group Mean PbB By Day 
Raw Data 
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Swine Study Pll8se II Exp 1 1 

FIGURE A·5 BEST FIT CURVE WITH 95% PREDICTION INTERVALS* 

125 

100 

75 

50 

25 

Parameters Value 

a 6.48 
c 152.4 
d 0.0045 

Adj R2 0.863 

MATERIAL: PbAc 

ENDPOINT: Blood Lead AUC 

BEST FIT EQUATION: Y=a+c"(1·exp(-<I*X)) 

100 200 
Dose (ug Pblkg..<fay) 

Std. Error 95% Confidence Limits 

fixed value - -
fixed value - -

0.0004 0.0037 0.0053 

Generated using Table Curve 20 v. 3.0. Outliers represented by"+". 
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Swine Study Phase II Exp 11 

FIGURE A-6 BEST FIT CURVE WITH 95% PREDICTION INTERVALS• 

175 

150 

125 

100 

75 

50 

25 

0 
0 

Parameters 
a 
c 
d 

Adj R2 

Value 
6.48 
133 

0.0035 

o.s22 I 

MATERIAL: Murray Soil 
ENDPOINT: Blood Lead AUC 

BEST FIT EQUATION: Y=a+c .. (1-exp(-d*X)) 

200 400 600 
Dose (ug Pblkg-day) 

Std. Error 95% Confidence Limits 
fixed value - -

10.7 110.4 155.6 
0.0007 0.002 0.005 

Generated using Table CuM 20 v. 3.0. Outliers represented by"+". 
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SWine Study Pne,.. 11 Exp 1 1 

FIGURE A·7 BEST FIT CURVE WITH 95% PREDICTION INTERVALS* 

20 

15 

10 

MATERIAL: PbAc 
ENDPOINT: Bone Lead 

BEST FIT EQUATION: Y=a+b*X 

+ 

:g 5 
0 

CD 

0+-----~~------~------~------~------~----~ 0 100 200 300 
Dose (ug Pblkg..ciay) 

Parameters Value Std. Error 95% Confidence Limits 

a 0.46 fixed value - I -
b 0.062 0.003 0.056 I 0.069 

AdJ R2 0.935 

Generated using Table Curve 20 v. 3.0. Outliers represented by"+". 
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Swme Study Pha$111 ExD 11 

FIGURE A-8 BEST FIT CURVE WITH 95% PREDICTION INTERVALS* 

MATERIAL: Murray Soil 
ENDPOINT: Bone Lead 

BEST FIT EQUATION: Y=a+b*X 

20~------~------------------------------------~ 

15 

• • 

10 • 

5 

400 
Dose (ug Pb/kg-day) 

Parameters Value Std. Error 95% Confidence Limits 
a 0.46 fixed value - J -
b 0.003 0.0005 0.002 I 0.004 

Adj R2 0.942 

Generated using Table CUrve 20 v. 3.0. Outliers represented by"+". 
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Swine Study Ph•s• II Exp 11 

FIGURE A-9 BEST FIT CURVE WITH 95% PREDICTION INTERVALS• 

MATERIAL: PbAc 
ENDPOINT: Liver Lead 

BEST FIT EQUATION: Y=a+b*X 

500 

450 - 400 'i -~ 350 
Cl 

300 .Ill: 

:.c 
Q.. 

250 !5' -"'0 200 as 
IU 
_.J 150 ... 
IU 
> 100 ::i 

50 
0 

0 100 200 300 
Dose (ug Pblkg-day) 

Parameters Value Std. Error 95% Confidence Limits 
a 5.96 ftxed value - I -
b 1.53 0.11 1.29 L 1.76 

AdJ R2 0.841 

Generated using T•ble Curve 20 v. 3.0. Outliers represented by"+". 
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Swine Study Phase II Exp 11 

FIGURE A·10 BEST FIT CURVE WITH 95% PREDICTION INTERVALS* 

700 

600 

500 

400 

300 

200 

100 

0 
0 

Parameters Value 
a 5.96 
c 431.8 
d 0.003 

Adj R" 0.923 

MATERIAL: Murray Soil 
ENDPOINT: Liver Lead 

BEST FIT EQUATION: Y=a+b*X 

200 400 
Dose (ug Pblkg-<lay) 

600 

Std. Error 95% Confidence Limrts 
fixed value - -

40.1 347.1 516.6 
0.0006 0.0018 0.0045 

Generated using Table Curve 20 v. 3.0. Outliers represented by"+". 
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FIGURE A-11 BEST FIT CURVE WITH 95% PREDICTION INTERVALS* 

MATERIAL: PbAc 
ENDPOINT: Kidney Lead 

BEST FIT EQUATION: Y=a+b*X 

700~--------------------------------------------~ 

600 • + 

500 

400 

300 

200 

100 

100 200 300 
Dose (ug Pblkg-day) 

Parameters Value Std Error 95% Confidence Limits 
a 22.53 fixed value - I -b 1.45 0.152 1.13 I 1.77 

Generated using Table Curve 20 v. 3.0. Outliers represented by"+". 
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FIGURE A·12 BEST FIT CURVE WITH 95% PREDICTION INTERVALS* 

600 

500 

400 

300 

200 

100 

0 
0 

Parameters Value 
a 22.53 
c 293.3 
d 0.005 

Ad! R' 0 798 

MATERIAL: Murray Soil 
ENDPOINT: Kidney Lead 

BEST FIT EQUATION: Y=a+b*X 

200 400 
Dose (ug Pblkg-day) 

600 

Std. Error 95% Confidence L1m1ts 
fixed value - -

31.7 226.4 360.2 
0.001 0.0022 0.0086 

Generated using Table Curve 20 v. 3.0. Outliers represented by"+". 
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DISK INSTRUCTIONS 

Enclosed is a disk entitled "MURRA Y.EXE". This disk contains all of the data items and all of the data 
reduction steps for the Murray Smelter Superfund site within two Microsoft Excel spreadsheetS named 
"MURRA YI.XLS" and "MURRA Y2.XLS". MURRA Yl.XLS contains data from Phase U Experiment 4 
in which Murray Slag was evaluated. and MURRA Y2.XLS contains data for Murray Soil evaluated in 
Phase II Experiment 11. However, in order to conserve space and help guard against accidental changes 
in the spreadsheets, all of the formulas and links present in the original spreadsheets used by EPA have 
been "frozen". Thus. the values shown in the attached files represent the final values employed by EPA 
Due to the size of the files (approximately 2MB each), they have been provided in one self-extracting 
zipped file. To extract the files from the enclosed disk to a location on your hard drive, the following 
steps should be taken: ,., 

I) Go to the DOS Prompt 
2) Change directory to desired destination directory (e.g .. C:\data) 
3) Place the source disk in the appropriate drive (e.g., A:) 
4) At the DOS prompt (C:\data>) type "A:\MURRAY" and press enter. Th~s will cause 

both the MURRAY l.XLS file and the MURRA Y2.XLS file to exuact from vour source disk (A:) to vour 
destination directory (C:\data). · ·¥ · 

S) Open Microsoft Excel to view the unzipped files. Note that even though,the formulas 
have been frozen, the files remain quite large, so it is recommended that the user have a minimum of 8 
MB of RAM to facilitate use of these spreadsheets. ' 


